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OPEN UP: for modern enameling sheet 
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Open up the steel coil and subject it to controlled gases, and you can 
produce commercial quantities of ‘‘direct-on’’ enameling steel from 
regular rimmed steel sheet. Here’s an economic edge for both 
producer and user. Steelmakers no longer need supply low metal- 
loid steels which are expensive to melt and roll, and the enameler 
can eliminate one of the two steps in his processing. To get all 
the details on this revolutionary new Open Coil Process of Gas 
Alloying write for Bulletin OC-960, Lee Wi/son Engineering Co., Inc., 


20005 Lake Road, 
Cleveland 16, Ohio. 
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Cover: The micrograph of an aluminum casting alloy on 
this month’s cover was aptly named “Snowflakes on the Grass” 
° by one of our editors. Photographed by CLayron McNEIL 
of Chrysler Corp., it was an entry in the 15th A.S.M. 
Metallographic Exhibit. More details are given on p. 84. 
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Progress in High-Temperature Materials 
How to Make Reliable Seam and Spot Welds in René 41, 


High-quality seam and spot welds in René 41 can be made consistently if precautions 
based on the metallurgical behavior of the alloy are taken into account. 


Two Superalloys for Jet Engines: 
Udimet 700, a Wrought Alloy, by I. S. Servi and W. J. Boesch .................-000055 73 


Bar and billet stock of this alloy is available commercially, and sheet and wrought 
shapes are being tested for new applications. 


IN-100, a Cast Alloy, by S. F. Stermasty and E. W. Ross................:eeeeeeeeeeeees 


The reported high stress-rupture strength of this alloy has stimulated a detailed evalua- 
tion of its producibility and properties. Results indicate that it can be used for turbine 
blades and other high-temperature applications for advanced jet engines. 


Engineering Articles 
Vacuum Melting Improves Properties of H11 Steel, by P. E. Ruff and R. W. Steur ........... 79 


Consumable-electrode, vacuum-melted H11 steel is probably cleaner than its air-melted 
. counterpart, but the size, shape and distribution of inclusions may have a more important 
effect on properties than do quantitative differences. 


The Effects of Strain Rate and Temperature on Metals, by J. R. Kattus ..................... 


Under conditions of rapid loading and short times at temperature, strengthening mech- 
anisms — such as precipitation and work hardening or martensitic transformation — retain 
‘some of their effectiveness to much higher temperatures. 
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End Product is longer life and lower 
maintenance for heat-resistant parts 
... radiant tubes, furnace rolls, blow- 
pipes, gas generators and other tubu- 
lar or tubular-section components. 

Supertherm* is a 26% Cr—35% Ni 
alloy strengthened and stabilized 
with cobalt and tungsten. Super- 
therm* has proved its capability 
within the 1800-2300° F range and 
under very severe heat-cycling con- 
ditions. In many cases, the alloy 
has extended service life two to 


*Supertherm alloy (trademark) 


ELECTRO-ALLOYS DIVISION © Elyria, Ohio “4! 


Centrifug 


three times over previous operations. 

The uniformity, density, quality 
advantages of centrifugal casting are 
assured in full at Electro-Alloys, 
recognized as having one of the 
finest centrifugal-cast facilities in 
the country. 

For further information on Super- 
therm* and its applications, contact 
your nearest Electro-Alloys repre- 
sentative. Or write to Electro-Alloys, 
and a technical bulletin will be for- 
warded to you. 
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Electro-Alloys Division 
30112 Taylor Street, Elyria, Ohio 


Please send technical data 
on SUPERTHERM 


Name_ 
Title_ 
Company 
Address 
City___ 


Zone _State 
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How Composition Affects the Properties of Ductile Iron, by J. F. Wallace and L. J. Ebert ..... 


In the heat treatment of ductile iron, silicon increases the critical temperature range 
and enhances the tempering response, while manganese decreases the critical tempera- 
tures, improves hardenability and reduces tempering response. 


Cast Chromium Nickel Stainless Steels for Superior Resistance to Stress Corrosion, 
. by M. G. Fontana, F. H. Beck and J. W. Flowers ..................... wee Oe 


Higher strength and improved resistance to stress corrosion can be obtained from 
stainless alloy castings through control of the amount of ferrite in the material. 


Materials Research in Europe, by Samuel L. Hoyt.........................0005. 


. as staff representative of the Research and Engineering Div. of our Department 
of Defense, I found a strong interest in current problems and a common bond between 
scientific and technical personnel, both with us in the United States and with 
each other.” 


Automatic Forging of Steel Gears, by John G. Wilson .......................... 


An automatic rotary hearth furnace teamed with a 6000-ton mechanical press provides 
faster, controlled heating for improved forgeability, lower costs, and less scaling. 
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metallurgists 
with imagination... 


An important advance in metal powders! 


‘Clad powders with metal and non-metal 
cores open the way to new materials and 
technologies! 


Out of the laboratory and into commercial use comes 
a concept that promises to advance metal powder 
technology. 
Composite powders— made by Sherritt’s patented process 
—consist of finely divided metal or non-metal particles 
coated with nickel or cobalt. The composition of these 
particles can be controlled to produce a wide range of 
materials with improved or unusual properties. 
Composites with metallic cores include nickel-aluminum 
and nickel-tungsten. Various grades of graphite have 
been coated with nickel. High phosphorus alloys—not 
easily formed by conventional methods—are readily pre- 
pared with nickel or cobalt as the cladding. Carbides of 
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tungsten, titanium, tantalum, chromium and silicon, and 
oxides such as alumina, silica, zirconia are used as core 
materials. Even ceramics and fibrous materials, such as 
asbestos and alumina-silica wool, have given good results. 
And, most recent of all, are coated-plastic powders, such 
as Teflon* coated with nickel. 

Applications range from electrical resistance alloys, 
controlled expansion alloys and hard facing alloys to 
welding rods, permanent magnets, cemented carbides, 
bonded abrasive tools, and many others. 

How will these metal-coated powders improve your 
processing or your products? What new uses will you 
make of them? If clad powders spark your imagination— 
or your curiosity—write our Technical Literature De- 
partment for free Booklet, ‘‘Metal and Composite 
Powders.” Or, ask a Sherritt Contact Metallurgist to 
call. Address request to Marketing Division, Sherritt 
Gordon Mines Ltd., 25 King St. West, Toronto, Canada. 


*Du Pont Trademark 
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The four Metal Progress covers pic- 
tured in miniature at the left are the 
winners (in descending order, top to 
bottom) of the ten judged in the Metal 
Progress cover contest held at the A.S.M. 
Metal Show in Detroit. Started five years 
ago, this contest has become an annual 
feature at the A.S.M. booth. A dozen or 
so Metal Progress covers are usually dis- 
played — some are scheduled for a forth- 
coming issue while others are art work 
for possible future covers, designed by 
students at the Cleveland Institute of 
Art in the cover design contest spon- 
sored each year by Metal Progress. Visi- 
tors to the booth judge the covers (each 
marked by a number) and list their 
preference; the winner is the one whose 
rating corresponds most closely to the 
total ballot preference. This year’s win- 
ner (out of 607 ballots cast) is ASMer 
Alfred E. Hilgeman, technical director, 
General Foundry & Mfg. Co., Flint, 
Mich. A large silver bowl, suitably en- 
graved, was presented to Mr. Hilgeman 
at the November 14 meeting of the Sagi- 
naw Valley Chapter on behalf of Metal 
Progress, by Richard D. Chapman, a 
member of A.S.M.’s Technical Council 
and representative on the Metal Progress 
Editorial Advisory Committee. 

And speaking of Metal Progress 
covers, this December issue with the 
micrograph on the cover portraying 
“Snowflakes on the Grass” is our way of 
wishing you a Merry Christmas. As this 
column goes to press, the Staff is hard 
at work on the January International 
issue which is devoted to World Prog- 
ress in Materials and Process Engineer- 
ing. This first issue of 1962 will come 
to you as our New Year's greeting and 
it will also feature “Technology Fore- 
cast — 62” which is planned as a concise 
report on what to expect in metals tech- 
nology in the months ahead. 
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24 6” BILLETS 
CAST AT ONCE! 


This large and modern Billet Casting 
Machine recently went into production at 
the California plant of Michael Flynn 
Mfg. Company. Coordinated with an ex- 
pansion of the extrusion plant, the cast- 
ing shop features the latest and most 
advanced designs in melting and casting 
equipment. 


Heart of the new casting pliant is the 
continuous D.C. casting machine supplied 
by Lobeck Casting Processes, of New 
York, and believed to be one of the larg- 
est machines of this type to be found 
anywhere. The machine, which is almost 
completely automatic, simultaneously 
casts 24 billets of 6 in. diameter and 20 
ft. length, with production at over 20,000 
Ib of billets per hour. The machine fea- 
tures an exclusive mold design and the 
Lobeck automatic metal flow control, 
which greatly minimizes manpower re- 
quirements. From a metallurgical point 
of view, the continuously cast billets have 
a superior surface quality and a sound 
internal structure free from segregation, 
porosity and inclusions. The _ infinitely 
variable speed of the machine allows the 
grain size and structure to be controlied 
to suit any particular application. 


Lobeck Casting Processes has been 
largely responsible for the widespread 
application of the direct-chill casting 
technique, both in light metals and in 
copper and copper-base alloys, for the 
production of extrusion billets, rolling mill 
slabs and wire bars. 


LOBECK 
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HANDY ALLOY DATA SHEET: TEC 


HANDY & HARMAN ENGINEERING DEPARTMENT . TEC Z 
82 FULTON STREET, NEW YORK 38, N.Y. 


...How to choose between a soft solder and a brazing alloy 


Handy & Harman provides two alloys that fit between as a 50% tin—50% lead solder at room temperature in 
“something stronger than the average soft solder but short-time tensile tests. 

not as strong as a silver-brazing alioy.”” They are named Applications —One example is a thermostatic bellows r 
TEC and TEC-Z and their flow points are intermediate where the operating temperature is too high for soft 


between soft solders and silver-brazing alloys. Joints solders (tin-lead), yet requires a joining medium which 
made by these alloys are strong in straight tension or will not anneal the bellows. Another use is gun parts 
which require joint strength at higher than soft-solder 


shear. For instance, butt joints of cold-worked copper operating temperatures plus corrosion resistance to solu 
can be made having a tensile strength of about 25,000 psi. tions used in cleaning and blackening. Also for lamp 
This is approximately 10,000 psi. more than can be ob- bulb bases operating at approximately 350°-500° F 
tained with tin-lead soft solders. TEC joints retain their Automotive applications and heat exchangers. TEC con- 
strength at elevated temperatures much better than the forms to Government Specifications Mil-S-19234 (Nord); 
tin-lead soft solders. As shown in the table below, the both TEC and TEC-Z are available in sheet, wire, pow- 
strength of the solder itself at 425° F is about the same der, and preforms to specifications. 


NOMINAL COMPOSITIONS 


TEC 
5% plus or minus 0.5% 


TEC-z 
5% plus or minus 0.5% 

Zine 16.6% plus or minus 0.5% 
Cadmium 95% plus or minus 0.5% 78.4% plus or minus 0.5% 


PHYSICAL PROPERTIES 


TEC 
Color White White 
Melting Point 640° F 480° F 
Flow Point 740° F 600° F 
Density (Troy oz/cu in.) 4.60 4.53 
Electrical Conductivity (Cu = 100) 22.0% 20.6% 
Electrical Resistivity (Microhm-cm) 79 8.4 


STRENGTH COMPARISON TEC vs. Pb-SN 
TENSILE STRENGTH LBS/SQ IN. 


TEC 
16,400 


TENSILE STRENGTH L8S/SQ IN. 


Pb-SN 
2,500 


300° F . 4,400 650 
a 425° F 2,600 Melts 
1,700 


The information and data on this page are available in our Handy Alloy Data Sheet. Ask for “TEC.” Handy & Harman, 
850 Third Ave., New York 22, N.Y. ‘ 


Your No.1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 
General Offices: 850 Third Ave., New York 22, N.Y. 


Offices and Plants: Bridgeport, Conn. + Chicago, Ill. +» Cleveland, Ohio + Dallas, Texas « Detroit, Mich. + Los Angeles, Calif. * New York, N.Y. 
Providence, R.1.,* Montreal, Canada + Toronto, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES 
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New Nonmagnetic Alloys 
Achieve High Hardness 


A new system of NiTi-base alloys may 
solve some troublesome problems in non- 
magnetic > where low perme- 
ability, hardness, fabricability, and corro- 
sion and abrasion resistance are required. 
These nonmagnetic alloys (Nitinol) of 
suitable composition can be hardened to 
Rockwell C-62. Although NiTi, and Ni,Ti 
phases may be associated, the most phase- 
pure NiTi composition contains 54.5% Ni 
by wt. and has a body-centered cubic crys- 
tal structure. Its melting point is 1300° 
C. (2370° F.). Room temperature prop- 
erties of hot worked NiTi phase are: elon- 
gation, 15%; Charpy impact strength, 28 
ft-lb.; tensile strength, 124,000 psi. Hot 
hardness measurements indicated a sec- 
ondary hardening peak at 427 to 482°C. 
(800 to 900° F.). Oxidation resistance in 
that temperature range is excellent. NiTi- 
base alloys are paramagnetic with a per- 
meability of <1.002 over a wide tempera- 
ture range. Permeability of this material 
is stable with variations in working and 
heat treatment. Specific gravity is 6.45. 

NiTi alloys when quenched in water 
from 1000°C. (1830°F.) hardened to 
Rockwell C-62. It is believed that in 
quenching, a finely distributed Ni,Ti phase 
becomes trapped in a NiTi matrix. In the 
quenched nickel-rich NiTi alloys a marked 
improvement was noted over the phase- 
pure NiTi alloys up to 480° C. (900° F.). 
The NiTi alloy with 54.5% Ni by wt. at 
room temperature shows excellent damp- 
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ing capacity; when heated slightly above 
room temperature, the damping capacity 
decreases significantly. 

Properties of the NiTi-base alloys lend 
themselves to nonmagnetic tools in marine 
mine disposal applications and in various 
components of magnetometers, mine lay- 
ing and servicing craft. The significant 
variation in damping characteristics with 
temperature indicates a possible applica- 
tion of NiTi alloys in temperature-sensing 
devices. 

This new class of nickel-titanium alloys 
was developed by W. J. Buehler and R. C. 
Wiley at the U. S. Naval Ordnance Lab- 
oratory, White Oaks, Md. 


Punch Card Controls 
for Heat Treating 


Shown for the first time at the Metal 
Show in Detroit, was the “Robotrol, an 
automatic system for quality control in 
heat treating”, according to its developer, 
Lindberg Engineering Co., Chicago. Bas- 
ically, a punch-card system, the job ticket 
is a standard punch card (much like the 
familiar IBM type) on which the metal- 
lurgical department indicates detailed heat 
treating instructions. This card travels 
with the work. When the lot arrives at 
the furnace to be processed, the operator 
merely places the punched card in a slot 
on the control panel. Thus, specifications 
for all the metallurgical factors required 
for the job are correctly followed, and 
when the job is completed the card pro- 
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vides a record of the treatment. This new system 
is said to completely eliminate the possibility of 
human error by the furnace operator. 

The first “Robotrol” is scheduled for an installa- 
tion where it will be employed mainly for carburiz- 
ing (A.LS.I. 1118 and 8620) and through hard- 
ening (A.LS.I. 1141) a variety of gears, including 
spur, helical and herringbone types. 


Vacuum Induction Furnaces 
Are Getting Bigger 


A 10,000-Ib. capacity vacuum induction unit for 
melting and casting ingots will be built for Allvac 
Metals Co. Melting time will be about 3 hr. The 
unit, built jointly by the F. J. Stokes Corp. and 
Inductotherm Corp., will have a vertical melting 
and casting chamber 20 ft. in diameter and 40 ft. 
high. It will be capable of casting ingots up to 20 
ft. long. The vacuum chamber will have a 50- 
cu.ft. bulk-addition-maker. The pumping system 
will consist of six 16-in. oil-vapor booster pumps 
and six mechanical booster pumps. 


Missile Chamber Skirt Fabricated 
by Spin Forging 


A missile chamber skirt of unusual size was pro- 
duced from 0.5 Ti molybdenum alloy. The part 
(see photo) was spin forged from a 36-in. square 
and 0.200-in. thick sheet by Universal Cyclops Steel 
Corp. for North American Aviation. The 0.5 Ti 
molybdenum alloy was selected for this application 
to eliminate the need for complex cooling systems 
and for weight reduction. 

This nozzle thrust chamber skirt must withstand 
3000° F. and is coated for oxidation protection. 
0.5 Ti molybdenum alloy has high strength at ele- 
vated temperatures in that range. The part was 
fabricated hot on a 70-in. spin forging machine. 
Heat was supplied by oxyacetylene to torches and 
quartz lamps during the spinning operations. 

In the sequence of operations the plate, supplied 
in the hot rolled stress relieved and descaled condi- 
tion, was machined to a circular blank. It was drop 
hammer formed to a dish shape at 1200° F., die 
temperature being 900° F. The dish was stress 
relieved in hydrogen at 1950° F. for 1 hr. Then 
it was spin forged at 900° F., the wall thickness 
being reduced 32% to 0.136 in. It was again stress 
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Spin ForGED SHAPE OF 0.5 T1 MOLYBDENUM SKIRT 


Walls Were Reduced From 0.09! to 
0.050 In. in Final Operation 


relieved in hydrogen at 1950°F. for 1 hr. This 
was followed by a second spin forging operation 
at 900° F., with the wall = nai reduced 33% to 
0.091 in. This was followed by a third stress 
relief in hydrogen at 1950° F. for 1 hr. and a third 
and final spin forging operation. The part was 
formed to the required length and final wall thick- 
ness at 900° F. with the wall thickness being 
reduced 45% to 0.050 in. The final stress relief 
was in hydrogen at 1950° F. for 1 hr. followed by 
flanging of the top by manual hot spinning. The 
finished dimensions of the thrust chamber skirt 
are: top O.D., 16.668 in.; bottom O.D., 30.182 in.; 
height, 23.773 in. 


Oxygen Converters Produce 
240 Tons of Steel Per Hour 


The largest oxygen furnaces built to date are now 
making steel at the Jones & Laughlin Works in 
Cleveland. Heats of up to 240 tons are being made 
in as little as 59 min. F 

These furnaces are huge. Each weighs 455 tons, 
including the 141-ton steel shell and a lining of 314 
ton of heat-resistant refractories. As for dimensions, 
they are 27 ft., 10% in. high and 21 ft., 8%2 in. in 
diameter at the widest point. Furnace mouths are 
seven feet in diameter. To facilitate rapid charg- 
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ing, a new type of scrap charger is employed. 
When in operation, scrap is first loaded into a series 
of boxlike containers. One of these in turn is 
placed onto a scrap charger with a specially-de- 
signed integral chute that can load the furnace in 
less than a minute in a single operation. 

The oxygen generating plant (built by Air Prod- 
ucts, Inc.) contains two units; together, they can 
produce 534 tons of high-purity (99.5%) oxygen 
ad day. The oxygen plant also contains storage 
acilities for 815,000 cu. ft: of gaseous oxygen, and 
for 18 million cu. ft. of liquid oxygen. 

For air pollution control, the furnaces are 
equipped with electrostatic precipitators. Gases 
are drawn into hoods by four fans (each of which 
can move more than 325,000 cu. ft. of gases every 
minute) and sprayed with water to remove the 
heavier material and lower the temperature (from 
3000 to less than 500° F.). The precipitators then 
remove the fine dust by means of electrical charges 
which attract the dust particles to metal grids. 

These new furnaces will supply steel for a new 
hot strip mill which, according to J & L engineers, 
is so fast that it can roll enough steel every 45 
minutes to build a mile-wide circle six feet high. 


Beryllides— New 
High-Temperature Materials 


A new class of structural materials, beryllide 
intermetallic compounds, promises to extend maxi- 
mum service temperatures 40% beyond the range 
of cobalt and nickel-base superalloys. Made by 
combining beryllium and a refractory metal such 
as tantalum, beryllides show an important advan- 
tage over the refractory metals in that they are 
resistant to oxidation up to 3000°F.; they also 
possess high specific heat and good thermal con- 
ductivity for heat sink applications. Although 
some ceramics have maximum use temperatures 
higher than these new materials, tantalum beryllides 
such as TaBe,. and Ta,Be,; are ten times as 
strong (modulus of rupture values of 26,000 to 
35,000 psi.) at 2750°F. Brush Beryllium Co. is 
fabricating small parts — cones, rods, tubing and 
plates — by vacuum hot pressing of powders, cold 
pressing and sintering, slip casting, and flame 
spraying, and sees no reason why the product 
cannot be scaled up to appreciably larger sizes. 
Compounds containing other refractory metals such 
as columbium and zirconium also show promise as 
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The beryllides can be considered to possess a 
combination of the most favorable properties of the 
superalloys, the refractory metals and the ceramics. 
In addition, beryllides compare favorably with 
aluminum in weight. These properties would be 
desirable for applications in re-entry and hyper- 
sonic flight environments. 


Continuous Vacuum Furnace 
Processes Diodes 


Vacuum processing has been put on a continuous 
basis with the start-up of a new conveyor furnace 
at General Instrument Corp., Newark, N.J. With 
this unit, (built by C. I. Hayes, Inc., Cranston, 
R.I.), the plant alloys diodes under controlled 
conditions. Except for loading and unloading, 
the entire furnace operates automatically. “Boats” 
holding the diodes are placed on a conveyor which 
automatically injects them into a vacuum-lock 
inlet. From here, the boats travel through the 
heat zone (maintained at up to 1830°F.), and 
return to the atmosphere through the vacuum-lock 
outlet. (Both locks, incidentally, operate much 
like revolving doors to maintain the vacuum seal. 
See photo). 

In service, the furnace can attain pressures as 
low as five microns of mercury, and maintain oper- 
ating pressures at 50 microns continuously and 
dependably when under load. As for output, it is 
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Cover Is Removed to Show ''Revolv- 
ing Door’ Lock for Vacuum Seal 
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processing 34 boats per hour, with 300 diodes per 
boat. At this rate it can process over 80,000 diodes 
in an 8-hr. shift. 


Progress in Nonmetallic 
Materials 


A manufacturer of domestic warm air furnace 
humidifiers (General Filters, Inc., Novi, Mich.) 
eliminated water leakage in the humidifier and 
reduced production scrap nearly 15% by replac- 
ing brass valve orifices with ones made of sintered 
nylon. (See photo.) A mixture of finely divided 
nylon and graphite was formed into valve seats by 
a cold-pressing and sintering process. These parts 
have been in service over three years without leak- 


Nyton VALVE SEAT Has LONGER LIFE 


Also, Production Scrap Was Cut 15% by 
Replacing Brass Valve Seats With Nylon 


age. Permanent wear resistance of the sintered 
nylon prevents any discernible erosion of the valve 


orifice. There is no problem with water absorp- 
tion and swelling which could alter the dimensions 
of the orifice and interfere with proper metering 
of water. 

Sintered nylon valve seats present no scrap or 
refinishing problems. Accidental dents, nicks and 
scoring are reduced by the toughness and resili- 
ence of the nylon material, which yields slightly 
under impact without retaining dents. 
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From Here and There 


New magnesium alloys containing 11% or more 
of lithium are about 20% lighter than magnesium 
and are ductile, making them suitable possibly for 
structural parts of missiles and space vehicles. Paul 
D. Frost, Battelle Memorial Institute, in reporting 
on these alloys at the recent meeting of the Mag- 
nesium Association in New York pointed out that in 
such applications the critical booster weight-to- 
payload ratio could be stepped up considerably. 
Light structural components made from 11% Li 
magnesium alloy would permit larger, more fully 
instrumented satellites to be orbited. 


Single crystals of high-purity tungsten 
(99.9975% W) 10 in. long and 0.22 in. in di- 
ameter have been produced by zone melting em- 
ploying the electron beam principle of heating. 
Tungsten in the ultrapure single-crystal form is 
ductile even at —330°F. Tungsten strip, 3 ft. 
long, % in. wide, and 5 mils thick has been cold 
rolled from a single crystal; wire as fine as 30 mils 
in diameter has been drawn. The work is being 
done at the Westinghouse Lamp Div., Bloomfield, 
N.J. 


Achievement of a 300,000-psi. superbolt elevates 
steel to a point comparable with titanium in the 
strength-to-weight ratio. Comparing strength to 
density, highest strength titanium fasteners to date 
have a 1,000,000 ratio, while the bolts referred to 
here are rated at 1,100,000. These fasteners, 
produced by Standard Pressed Steel Co., are ten- 
sion and shear bolts made from Vascojet-M-A 
alloy. Availability of these parts can effect a 10 to 
20% reduction in the weight of aircraft landing- 
gear assemblies and would make possible a 
propeller-driven aircraft speed above Mach 2. 


International Progress and Forecast 
issue Next Month 


The January issue of Metal Progress, our Tenth 
International issue, will feature articles on progress 
in materials and process engineering in Australia, 
Belgium, Britain, Soviet Union, Canada, France, 
India, Italy, Japan, Netherlands, East Germany, and 
West Germany. The editors will also present Tech- 
nology Forecast, a special report on what technical 
management can look for in the year ahead. 
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Just like your own physical checkup—this 
173,000 pound cast steel main cylinder for an 
industrial hyraulic extrusion press is given the 
X-Ray Quality Class 2 check ... one of many 
tests to which Erie cast steel components have 
been subjected. In this checkup more than 100 
X-Ray negatives were taken, as illustrated above. 
Every cubic inch of the casting was penetrated 


This is the main cylinder for a 5500 Ton Extrusion Press 


...a true picture of quality more than skin deep 

From order to shipping dock experienced en- 
gineers, metallurgists and technicians team up in 
quality control procedures which result in steel 
castings and forgings that meet the most strin- 
gent requirements of heavy industrial machines. 

Consult with us in full confidence that we will 
serve you well. 


STEEL CASTINGS STEEL FORGINGS INGOTS 


ERIE FORGE & STEEL CORPORATION 


ERIE, PENNSYLVANIA 
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The New Honeywell Thermal System withstands extreme vibration and corrosion conditions 


pendicular planes. With accelerations up to 0.2G 
from 0 to 200 cps, maximum pen oscillation was 
limited to 1.5%. For more than 75% of the range, 
pen oscillation was less than 0.5%, with no reso- 
nant effects at 60 cycles. 


Here’s a new gas-actuated thermal system that 
takes the zig-and-zag out of temperature record- 
ing under severe vibration conditions. 


A complete series of vibration tests has proved 
the vibration resistance of the new Class Ill 
thermal system. In these tests (shown above), the 
Class Ill system was installed in a standard 
Honeywell rectangular case recorder, and sub- 
jected to forced vibrations in three mutually per- 


Get the complete story by contacting your nearby 
Honeywell field engineer. Minneapolis-Honeywell, 
Wayne and Windrim Aves., Phila. 44, Pa. In Can- 
ada, Honeywell Controls, Ltd., Toronto 17, Ont. 


Honeyw 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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New Honeywell Series 10/20 Milli- 
voltmeters give you an easier-read- 
ing scale, and all the latest features 
for indicating, controlling and safety 
cut-off. 
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NEW HONEYWELL 
MILLIVOLTMETER LINE 


gives wider selection... greater accuracy 


The newly designed Series 10 /20 provides accuracy of + 14%, plus all the latest 
features in millivoltmeters for indicating, controlling and safety cut-off. Wide 
‘ selection of ranges and control units makes it easy to match the Series 10/20 
to your specific process requirements. Extra-sturdy construction ensures 
accurate and reliable service even under severe operating conditions. 


Here’s what you get with the New Series 10/20 Millivoltmeters: 


variety of ranges 


higher accuracy 


Accuracy + 14%. High resistance measuring A wide selection of ranges is available to 
circuit minimizes calibration shifts due to measure temperatures as low as 325°F and as 
changes in external resistance. high as +3400°F within spans as narrow 


simplified installation as 400°F and as wide as 3000°F. 


from either 115 or 230 volts. Dual tap Process shuts down in event of thermocouple 
connections make installation easy. open circuit 


reads easy, reads right 
Large, clear six-inch scale with anti-parallax 
mirror ensures easy, accurate reading. 


control forms to fit needs 
There are 14 different control forms to give 
you exactly the control action you need: spst; 


bl spdt; sp3t with adjustable neutral; 

rue plug-in design enables you to replace Pyr-O-Vane for electric on-off, two-position 
major components in seconds. or three-position control; Protect-O-V ane 
high-brightness signal lights for excess temperature cut-off with signalling 
Amber and red lights show at a glance the or shutdown feature; Pyr-O-Pulse for 

exact relationship between temperature pulse-proportioning control; and Pyr-O-Volt 


and set point. for current proportioning control. 


for economy in less demanding applications... 
HONEYWELL SERIES 10/10 MILLIVOLTMETERS 


Here's a millivoltmeter line that's ideal for those applications where demands 
are less stringent, and where accuracy requirements are within +1%. The 
Series 10/10 provides many of the design and construction features of the 
10/20. It’s the only economy millivoltmeter line with a full six-inch scale. These 
units are available in vertical cases only, with Pyr-O-Vane, Protect-O-Vane, and 
the new anticipatory Pyr-O-Pulse control units. 


Get complete technical data and prices on the New Honeywell Series 10/20 Millivoltmeter 
Line by contacting your local Honeywell field engineer. Be sure to ask him about the economy 
Series 10/10. Minneapolis-Honeywell, 21 Penn Street, Fall River, Massachusetts. In Canada, 
Honeywell Controls, Ltd., Toronto 17, Ontario. 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. 


Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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DEFENSE-BORN SKILLS 


... bring you high temperature metals shaped to so/ve your future needs! 


At 5400° F. iron runs like water. Copper boils. Alu- 
minum vaporizes. But tungsten keeps its strength. 


To help you use this strength—and heat resistance— 
Sylvania now offers you the benefits of its unique ver- 
satility. It can produce tungsten and molybdenum for 
such different applications as billets and ingots for you 
to forge, as electrodes for your arc casting, as blanks 
for you to machine, or as blanks already machined to 
the most exact tolerances. 


Sylvania can accomplish all this because it can now 
capitalize on developmental work done for the military 


SUBSIDIARY OF 


GENERAL TELEPHONE 


Circle 2214 on Page 48-B 


~—and bring you solutions to many long-standing riddles. 


Have you given serious thought to refractory metals? 
The same properties that solve the problems of throat 
inserts for rockets and missiles can pay you dividends 
in gas turbines, jet engines, extruded airframe mem- 
bers, heat exchanger parts, piercing points and in many 
other ways. 


Want full details? Or experienced help in proving out 


your special ideas? Write Chemical & Metallurgical 
Division, Sylvania Electric Products Inc., Towanda, Pa, 
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: Progressive Foundries move 
with Electric Arc Furnaces 
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ADVERTISEMENT 


ressive 
With Electric 


A century ago the steel casting indus- 
try in the United States was born in 
Buffalo, New York. A small company 
known as the Buffalo Malleable Iron 
Works poured the first crucible steel 
castings for the industry's first and still 
largest customer—the railroads. 

Although its history of achievement 
reaches to the days before the Civil 
War, the steel foundry industry is still 
in its youth... still growing... still 
proving exciting and challenging to the men who have 
made it—and keep it—a vital segment of our highly mech- 
anized economy. 

From 1861 to 1883 the art of steel casting in this coun- 
try made little progress. In the latter year, less than 1,700 
tons were produced. In 1885, six foundries were in opera- 
tion, producing 10,000 tons of castings yearly. At the begin- 
ning of the twentieth century the number of foundries had 
increased to 85, with an annual output of 177,000 tons. 

Today, the steel casting industry is comprised of approxi- 
mately 240 commercial foundries, employing more than 
50,000 persons, and capable of producing at the rate of 
nearly 2,500,000 tons per year. 

Perhaps the most important factor in the mushroom 
growth of the steel casting industry was the introduction 
of the electric arc furnace. This giant step came in 1910, 


Saluting 


when an experimental 300-pound- 
capacity electric furnace in the Sharon 
plant of National Castings Company 
was used to melt the first foundry steel 
produced in a furnace of this type. 

In this history-making year for the 
steel casting industry in the United 
States, National Carbon Company, 
Division of Union Carbide Corpora- 
tion, proudly salutes the industry’s first 
one hundred years of progress, the ob- 
servance of which is being directed by the Steel Founders’ 
Society of America. National Carbon Company, for many 
of its 75 years of business life, has been privileged to con- 
tribute to the growth of the foundry industry —through 
constantly developing new and better carbon and graphite 
products. 

As the foundry industry moves into its second century, 
National Carbon pledges its skills and resources to help 
it achieve higher and higher levels of efficiency in furnace 
output and plant operations. 


Data on the early history of the steel casting industry provided through 
the courtesy of Wilson H. Moriarty, First Vice-President, National 
Castings Company, and 1960-1961 President of the Steel Founders’ 
Society of America. 
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ries Move Ahead 
Arc Furnaces 


The making of steel entered the era of 
“‘push-button,”’ precision-controlled pro- 
duction half a century ago when the elec- 
tric furnace moved into the scene. Since 
then it has opened many new ideas, con- 
cepts, and methods. . . new horizons in 
progress... . for large and small foundries. 

Electric melting has made it possible 
for foundries to produce metals in variety 
to meet specific needs . . . has raised the 
control of metal analysis to an exact sci- 
ence . . . has provided melting flexibility 
that can be speedily adjusted to coincide 
with molding capacity. 

Recently, the editor visited six foun- 
dries in five states from coast to coast. 
In-plant studies made at each of these 
widely separated locations clearly indicate 
the importance of electric arc furnaces to 
the forward-moving growth pattern of the 
steel casting industry. 

The physical limitations of this issue 
prevent coverage of all the foundries 
throughout the country using electric arc 
furnaces today. The following six stories 
are typical of operations in foundry after 
foundry that make up this progressive in- 
dustry. 


FIRST TO USE THE ELECTRIC FURNACE 
IN THE STEEL FOUNDRY INDUSTRY 


National Castings Company 
Cleveland, Ohio 
Sharon, Pennsylvania, Works 


National Castings Company began its corporate history 
in 1868. This year, the name of the organization was 
changed from National Malleable and Steel Castings Com- 
pany to National Castings Company to reflect more accu- 
rately the nature of its business. 


A Pioneer in Electric Melting 


In 1910, Sharon installed an experimental electric furnace 
with a capacity of about 300 pounds. In the years 1912 
and 1913 two 11-ft. shell electric furnaces were installed. 
These units were used successfully for a number of years. 
They are still in existence, and with proper renovation 
could be brought back to the production line. Although 
lacking in the refinements of today’s multi-ton electrics, 
these early furnaces served to prove to management that 
the trend to future foundry practices would necessitate 
the speed, flexibility, and precision metal control inherent 
in the electric arc furnace. 


Five New Electrics Installed 


In 1951, the last of Sharon’s open hearths was replaced by 
its fifth new electric arc furnace. All five of these units are 
acid-lined, ten-ton capacity, top-charged furnaces. Each 
utilizes a 3000 KVA transformer and operates with sec- 
ondary voltages of 245 on A tap, 190 on B tap, and 110 
on C tap. 
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During 1960, and the first half of 1961, heat times aver- 
aged 2 hours and 17 minutes, tap to tap. Recently, oxygen 
has been used during refining to drop carbon content of 
the heat from 0.38 to an average of 0.17 at the time of tap. 

“These electric furnaces are important, but what we do 
with them is more important,” says Robert Everett, Plant 
Manager, Sharon Works. “We are pleased with our electric 
furnaces, because we find them to be the most flexible and 
fastest steel-producing tool for a foundry of our size. They 
provide substantial cost-saving advantages over other 
types of melting equipment.” 


Complete Quality Control 


Sharon Works initiated an extensive quality control pro- 
gram 15 years ago. Since then this program has been 
expanded to cover the charting of approximately 100 sepa- 
rate factors affecting foundry practices. Included are fac- 
tors such as: control of chemical analyses of heats, physical 
properties of castings produced, power consumption per 
ton of steel, heat times, casting dimensions and weights, 
and sand control. 

For example, Sharon has electrode consumption data 
compiled on a day-by-day basis covering the ten-year pe- 
riod from 1950 to 1960. As shown by the table, electrode 
consumption per ton of steel has dropped from a high of 
11 plus pounds per ton in 1952 to a low of 84% plus pounds 
per ton in 1960. Some of the major reasons for lowering of 
electrode consumption are: general improvement of elec- 
trode quality, better maintenance of electrode holders, 
cleaner joining techniques, and improved over-all effi- 
ciency throughout the melting department. 


Oxygen is used at time of tap to 
drop carbon content of the heat. 


Also, chemical analyses on heats are held to exacting 
tolerances and recorded daily on charts in the quality con- 
trol room. Data covering carbon, manganese, silicon, and 
sulfur are meticulously plotted for each heat and held to 
strict limitations. The slightest deviation from normal melt- 
ing practices is spotted immediately and promptly cor- 
rected. 

In addition to the across-the-board quality control pro- 
gram maintained by Sharon, various inspection tools are 
used to minimize casting flaws. One such tool is a million- 
volt x-ray machine with a maximum depth penetration of 
five inches. Magnetic particle inspection exposes defects 
up to %-inch below the surface. 


Unique merry-go-round installation makes for 
efficient and orderly preparation of ladles. 
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ELECTRODE CONSUMPTION 1950-1960 


LBS. PER TON MELTED 


1960 


BESET 


Electrode consumption data compiled on a 
day-by-day basis covering a ten-year period. 


As a result of its highly coordinated melting efficiency, 
mechanized foundry practices, and continuing precision 
quality control, Sharon Works of National Castings Com- 
pany in 1960 achieved the lowest ratio in its history of 
man-hours per ton of castings produced. 


OXYGEN-GAS BURNERS INCREASE 
ELECTRIC FURNACE PRODUCTION 


Oklahoma Steel Castings Company 
Tulsa, Oklahoma 


Since its establishment in 1922, Oklahoma Steel Cast- 
ings Company has steadily grown in size. This firm 
manufactures an extensive line of quality products for the 
aeronautical, agricultural, automotive, railroad, pipeline, 
mining, refining, steel, power, and bridge and highway 
construction industries. 


Electric Furnace Production Boosted 


In June, 1959, Oklahoma Steel initiated a study of the ad- 
vantages in using oxygen fuel gas burners through the door 
of a 4-ton, acid-lined, top-charge electric furnace during 
melt-down. First trials indicated that this technique would 
provide an economical increase in production whenever 
required by increased molding demand. Analysis of test 
results proved conclusively that output could be expanded 
without affecting product quality. This was the benefit 
Oklahoma Steel was searching for in its Tulsa foundry. 


Burner Employed Full Time 


Within a short time after the testing period, an oxygen-gas 
burner was employed on all heats except the first heat of 
the day. This plan was continued until the full economy 


of the operation could be determined. After a brief period 
the operators’ techniques improved with practice and re- 
flected even shorter heat cycles than those experienced 
during the initial tryouts. Here are some of the advantages 
Oklahoma Steel realized from the application of the burner 
to their melting practices: 

SHORTER HEAT CYCLES: Production increased from 
113.75 pounds per minute to 131.17 pounds per minute, 
a gain of 17.42 pounds, or 15.3 per cent. The decrease in 


Typical door burner installation for fur- 
naces having a capacity under ten tons. 


melt-down time resulted from added heat, elimination of 
scrap bridges, and a more stable arc. Cold spots in the 
furnace can be heated with the burner, and light scrap 
can be cut from the sidewalls. A principal advantage at 
Oklahoma Steel is that melting capacity can be increased 
without any capital expenditure. 

LOWER REFRACTORY COSTS: Refractory costs were re- 
duced by 15 per cent. KWH consumption was decreased 
by 57 KWH per ton. Electrode consumption remained 
normal. 


Using the oxygen-natural gas burner through furnace door. 
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LOWER PLANT COSTS: An average saving of 10 man- 
hours per ton of steel was reflected in plant costs. Molding 
time per ton of steel was lowered and overtime was elimi- 
nated in many instances. 

OXYGEN CONSUMPTION: Average oxygen consump- 
tion was 600 cubic feet per ton, while average natural gas 
consumption was 400 cubic feet per ton. 


The Tempo of The Plant 


Oklahoma Steel management states that, “these modern 
melting facilities—the electric furnace teamed with oxy- 
gen-natural gas burners—are the backbone of Oklahoma 
Steel’s foundry operations. They permit melting of a wide 
range of analyses on short order, and allow economical 
adjustment of melting capacity to molding capacity. The 
flexibility of the equipment was effectively demonstrated 
when it recently produced 25 heats from one furnace in a 
24-hour day.” 


Tapping a furnace at Oklahoma Steel Castings Company. 


An interesting factor concerning the installation of the 
oxygen-gas burner was the matter of plant safety. Despite 
the fact that Oklahoma Steel’s personnel had to adjust to 
new techniques of operation, the company’s unusual and 
impressive safety record was not blemished during the 
training period. This record—over 1,000,000 man-hours 
without a lost-time accident—is the best score reported to 
the Stee] Founders’ Society of America for any foundry in 
the country. 
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1% CARBON STEEL ROUND-THE-CLOCK 
WITH ELECTRIC FURNACES 


American Brake Shoe Company 
Calera, Alabama 


To produce “Southern” Cast Steel Wheels in volume — 
and to obtain high quality at low cost—American Brake 
Shoe installed electric furnaces at their Railroad Products 
Division plant in Calera, Alabama. 

This plant closely approaches the ideal straight-line, 
continuous-flow foundry principles. All possible operations 
are mechanized. Power-operated equipment and _push- 
button control have made possible an increase in produc- 
tion of 1 per cent carbon cast steel wheels from 37 per day 
in 1954 to 540 wheels per day in 1961. 


Electrics Play a Vital Role 


Melting capacity at Calera consists of four 9-foot, top- 
charge, basic electrics, utilizing transformers rated at 3500 
to 4000 KVA. Three of these furnaces operate around-the- 
clock, with heat times averaging 1 hour and 45 minutes 
per furnace, tap to tap. A fourth furnace is held on stand- 
by for use during maintenance and relining periods. 

Electric arc furnaces play a vital role at Calera by per- 
mitting the production of steel which must be held to 
analysis of pinpoint accuracy. These furnaces are readily 
adjustable to meet the requirements of modern, high- 
speed, foundry conditions. 

“Electric are furnaces,” in the opinion of Steve Davis, 
Plant Manager at Calera, “are the only melting tool that 
can offer us maximum flexibility of production and still 
maintain on-the-nose metal analysis. They turn out steel 
according to demand and can be operated on any number 
of shifts and for any number of days per week.” 


High-Carbon Steel Produced 


More than 250 tons of 1 per cent carbon steel are produced 
in three electric furnaces operating on an 18-hour basis, 
or two 9-hour shifts. These electrics, in conjunction with a 
completely equipped quality control 
laboratory, enable Calera to obtain 
uniformity of steel analysis demand- 
ing very close limits, such as: carbon 
from 0.95 to 1.20, manganese mini- 
mum of 0.50, phosphorus not over 
0.05, sulfur not over 0.05, and silicon 
not less than 0.15. 


Teeming from bottom-pour la- 
die into wheel molds. Ladle has 
capacity to pour four wheels. 
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Melt floor at Calera showing line-up of 
four 9-foot, top-charge, basic electrics. 


Steel is tapped from the electrics into a teapot ladle 
where alloying additions are made, preferably, at a tem- 
perature of 3,000°F This ladle is placed on the pouring 
stand where sufficient metal to pour four wheels is trans- 
ferred to a bottom-pour ladle and teemed into the wheel 
molds. The heat of the metal is checked on the first, third, 
and last pour to assure that the temperature does not drop 
below 2,770°F 


New heat-treating furnace with capacity 
to handle 600 wheels per 24-hour day. 


Plant Capacity Expanded 


In July, 1961, the Calera plant completed a major expan- 
sion program. Heat-treating facilities were upgraded to 
handle a maximum of 600 wheels per 24-hour day. Other 
areas of the foundry were modernized to permit utiliza- 
tion of approximately 25 per cent more electric furnace 
steel. 

In the near future a 670,000 s.c.f. at atmospheric-pres- 
sure liquid oxygen storage unit will be built at Calera. 
Oxygen is presently being used to reduce carbon during 
refining. Experiments have been conducted using oxygen 
door lances to speed heat times during melt-down. “These 
experiments,” according to E. A. ‘Red’ Bacher, melting 
foreman, “have shown us that we can reduce melt time as 
much as from fifteen to twenty minutes per heat.” 

In 1962, American Brake Shoe plans to expand its total 
steel casting production by converting its cast iron wheel 
plants in St. Louis, Missouri, and Toledo, Ohio, to cast 
steel wheel plants similar to the Calera operation. A top- 
charge electric furnace with a 10-ft. shell diameter will be 
installed in both foundries to provide the same flexibility 
and dependability of melting operations long associated 
with Calera. 


ELECTRICS REPLACE OPEN HEARTHS 
IN MODERNIZATION PROGRAM 


Birdsboro Corporation 
Birdsboro, Pennsylvania 


Birdsboro Corporation, dating back to 1740, began as an 
iron forge in the municipality of Birdsboro, Pa. 


Conversion to Electrics 


Installation of three electric furnaces—key elements in a 
recent modernization and expansion program—gives Birds- 
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boro outstanding metal production flexibility. The foundry 
can melt up to 300 tons of high quality steel a day. Where 
production was limited previously to carbon and low-alloy 
steels, the range of products that can be cast now includes 
stainless and high-alloy steels for use in high-pressure, 
high-temperature, and corrosion-resistant applications. 

Before the full conversion to electric furnace melting 
the foundry could melt nothing smaller than an 8-ton heat. 
Today, it can produce a minimum melt of 4 tons, which 
means that smaller orders can be handled, heats scheduled 
more efficiently, and deliveries improved. 


New electric furnace having a shell diameter of 
131% ft. and a melting rate of 7 tons per hour. 


Increased Melting Capacity 


Birdsboro’s first electric furnace has been in continuous 
operation since January, 1955. This unit, with an 11-ft. 
shell diameter, handles an average heat of 15 tons at a 
melting rate of 5 tons per hour. 


ADVERTISEMENT 


Both of the new furnaces, installed late in 1960, slightly 
overlap the melting range of the older furnace but provide 
smaller and larger capacities. The smaller furnace has an 
8-ft. shell diameter and handles an average heat of 5 tons 
at a melting rate of about 2 tons per hour. The larger of the 
new furnaces has a 1344-ft. shell diameter and a melting 
rate of 7 tons per hour. 

With the three electric furnaces in operation, Birdsboro 
can cast parts ranging in size from 50 to 80,000 Ibs. The 
foundry has a 50-ton crane capacity and can produce 
castings weighing as much as 100,000 Ibs., depending on 
design and linear requirements. 

Steel chemistry is vastly improved by basic electric melt- 
ing practices. Sulfur and phosphorus content in the heat 
is consistently below 0.020%. Carbon is removed from the 
melt with gaseous oxygen to improve quality and speed up 
refining. In all, the basic electric furnace is a faster melting 
tool and provides steel of a much higher, consistent qual- 
ity than the earlier acid open hearth furnaces. 


ELECTRIC FURNACE 
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Melt floor area of modernized and expanded Birdsboro foundry. 


According to Birdsboro President G. Clymer Brooke, 
foundries will have to produce quality steel castings if they 
are to remain competitive. The demand and need for elec- 
tric steel castings is rising rapidly with no decline in 
prospect, he points out. High-alloy and stainless steel 
castings of extra high quality are needed for many modern 
applications where nothing less than the best will do the 
job. 

“I would estimate that 25% of our current casting ton- 
nage is business we have only because we are equipped 
with electric furnaces,” Mr. Brooke observed. “There are 
many jobs on which we could not even quote if we did 
not have these units.” 
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Advantages of Electrics OVER 100 ALLOY STEELS 
PRODUCED WITH VERSATILE ELECTRICS 


In a detailed study comparing costs of basic electric melt- 
ing with acid open hearth melting over a five-year period, 
Birdsboro found that both the conversion cost and total 
cost per ton were progressively less for electric furnace 
operations. 


Esco Corporation 
Portland, Oregon 


Esco Corporation started in the foundy industry in 1913 
under its original name of Electric Steel Foundry Com- 
pany. 

Today, Esco is a producer of a wide variety of alloy and 
stainless steel castings and other product lines for a multi- 
tude of industries. 

In this modern foundry, three types of casting facilities 
are available: green and dry sand molding, shell molding, 
and centrifugal molding. 

The numerous fields it serves are handled by seven 
basic divisions: Casting Sales, Construction Equipment, 

Logging, Sawmill, Crushing Equipment, Process Equip- 
ment, and Stainless Cast Specialties. 


Esco's Electric Capacity 

From its early installation of an electric furnace nearly 
half-a-century ago—when electric melting was a new and 
revolutionary process—Esco’s melt floor has been modern- 
ized and expanded over the years to accommodate five 
basic-lined, top-charge electrics. More than 100 alloy 
analyses are produced in two 1-ton, two 3-ton, and one 
4-ton furnaces. These units are powered by transformers 
ranging in size up to 3125 KVA. 

“Considering the quantity and diversity of alloys we 
melt, and the quality of our products—plus a finished cast- 
ing range from a few ounces to 20,000 pounds —no other 
melting equipment can match the exacting control and the 
flexibility of operations available with electric furnaces,” 
according to L. E. Fink, Esco’s Supervising Metallurgist- 
Operations. 


A 53,540 Ib. carbon steel sheave wheel measuring 
15 ft. 134 inches cast by Birdsboro Corporation. 


The recent installation of the second and third electric 
° are furnaces has completely eliminated three open hearth 
furnaces—two of 30-ton capacity and one of 20 tons. 
Electrode consumption with the electrics has been good 
—9% lbs. of graphite per ton of steel produced. When the 
; electric furnaces are not in full production, the available 
capacity can be devoted to casting ingots. Production is 
more flexible, sales possibilities increased, and casting 
quality improved. 


Tapping an electric furnace at the 
: Esco Foundry in Portland, Oregon. 
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Melting Practice 


A typical heat cycle in an Esco electric furnace runs as 
follows: charge to melt-down, approximately 55 minutes; 
oxygen blow and refining time, roughly 25 minutes; tap 
and recharge time, an average of 5 minutes. One hour and 
15 minutes is the average heat time for all furnaces, tap 
to tap. Alloy additives are made during refining and de- 
oxidizers are introduced in the ladle. 


Pouring molten metal from the large transfer ladle 
into the pouring cup of a centrifugal casting machine. 


ADVERTISEMENT 


How Quality is Assured 


Esco has joined the steel casting industry in the adoption 
of every applicable and successful method of analysis and 
testing, to assure products that meet the most stringent 
demands of customer industries. To achieve this goal, Esco 
utilizes magnetic particle testing, fluorescent penetrant 
inspection, spectroscopy and tensile and pressure testing 
methods. In addition, this foundry has recently installed 
its own Betatron, a 24-million electron volt X-ray machine, 
which is used to “see through” 2-inch to 20-inch metal 
sections in a matter of minutes. 


Direct Reading Spectrograph gives a rapid 
chemical analysis before and after pouring. 


Through these up-to-the-minute techniques in melting, 
casting, and testing, Esco Corporation has found the way 
to continually multiply the quantity and quality of its 
alloy steel castings. 


RANGE OF FURNACE SIZES 
AIDS PRODUCTION SCHEDULING 


The LFM Manufacturing Company, Inc. 
Atchison, Kansas 
Subsidiary of 
Rockwell Manufacturing Co. 
Pittsburgh, Pa. 


LFM was founded in 1872. In 1956 the company merged 
with Rockwell Manufacturing Company and changed its 
name to The LFM Manufacturing Company, Inc.—a 
change that only made official a designation by which the 
firm had been widely known for many years. 
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Range of Melting Capacity 


One of the primary reasons for the success of LFM is that 
it has always been in the vanguard of new developments. 
For example, the foundry utilizes a range of three electric 
arc, basic-lined, top-charge furnaces with capacities of 
7%, 20, and 35 tons. 

These furnaces, employing transformers of 2500, 4000, 
and 7500 KVA, are positioned on a 9-foot platform, per- 
mitting the 74% and 20-ton furnaces to tap into a common 
pit. A separate pit serves the 35-ton furnace. 

“Our range of electric furnace sizes,” reports C. K. Charl- 
ton, Works Manager at LFM, “enables us to economically 
gear our production to customer requirements. We can 
efficiently handle small orders for special alloy castings in 
the 744-ton furnace. Larger orders are melted in the 20 
and 35-ton units and if the molding demand is great 
enough, we can combine the output from any of the three 
furnaces. This flexibility of furnace size provides the most 
practical and efficient means of producing diversified prod- 
ucts of a wide range of steels.” 


A 36” Rockwell Hypresphere cast steel valve with extended Rockwell valve actuator ready for shipment from the LFM plant. 
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View of furnace floor at LFM showing range of electrics with capacities of 714, 20 and 35-tons. 


Melting Practices at LFM 


A typical operating cycle on any one of the furnaces would 
consist of a 2 or 2 hour and 15 minutes melt-down and 
oxidation period followed by 30 to 45 minutes “finishing” 
time. The oxidation is accomplished by the use of an oxy- 
gen lance through the door. Chemistry of the melt is 
checked by spectroscopy three times during the heat. Sili- 
con and aluminum are added in the ladle. 

Tap to tap heat times on the three furnaces average 3 
hours, while electrode consumption averages 10.8 Ibs/ton 
of steel produced in all furnaces. 

Approximately 75 per cent of the metal cast at LFM is 
carbon steel produced to an analysis specification of 0.65- 
0.80 Mn, 0.35-0.50 Si, 0.20-0.26 C, 0.05 max P, and 0.05 max 
S. The alloy steels poured include nickel, chromium-molyb- 
denum, manganese-molybdenum, and nickel-vanadium. 


Facilities Recently Expanded 


A few years ago, LFM invested approximately $3,000,000 
in the expansion of its foundry facilities. The foundry 
working area was increased from 200,000 to 300,000 square 
feet and production capacity was raised from 2000 to 3000 
tons of finished castings per month. 

This program included new buildings for melting and 
scrap storage, a new 35-ton furnace and accessory equip- 
ment, heat-treating facilities, molding machines, cranes, 
conveyors, and an enlarged sand reclamation and distri- 
bution system. 

Today, with flexible electric furnaces, plus modern cast- 
ing and machine shop facilities, LFM produces a broad 
line of quality castings that range in weight from 100 to 
35,000 pounds. The foundry is capable of shipping more 


than 3000 tons of steel per month, making it one of the 
largest electric steel foundries under one roof. 


Summary 


If the technical advances and operating efficiency encoun- 
tered in the six foundries visited by the editor are charac- 
teristic of the nation’s other commercial steel foundries, 
then there is no doubt that this great industry is destined 
to establish new records in progress during the Space-Age 
Sixties! 

Growth of the industry is constantly being sparked by 
a never-ending stream of new ideas in foundry practice 
... melting equipment is becoming increasingly more pro- 
ductive . . . better and more reliable methods of analysis 
and testing are helping to upgrade quality and expand the 
quantity of steel castings produced today. 

No small part of the credit for the forward surge of 
America’s steel casting industry in recent decades is shared 
by the electric arc furnace. Since its first use by the indus- 
try in 1910, this precise melting equipment has offered 
progressive foundries a dependable means of controlling 
the metal they produce. It also has enabled them to em- 
ploy this production to meet exacting foundry schedules. 

In foundry after foundry—across the country—new melt- 
ing techniques are continually being brought into play. 
Oxygen, as one outstanding example, is being utilized 
today in some foundries to produce even higher electric 
furnace efficiencies, with resultant lower operating costs. 

In looking across the long and successful history of the 
steel casting industry, it is predicted that our country’s 
stee] foundries—with the assistance of modern electric arc 
furnaces—will continue to enhance their productiveness 
and value to their customers at an ever-increasing rate. 


“National” and “Union Carbide” are 
registered trade-marks for products of 


Litho in U.S.A. 


NATIONAL CARBON COMPANY 


Division of Union Carbide Corporation 
270 Park Avenue, New York 17, N.Y. 
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Induction Heating 
Anneals Pipe Welds 
... In the Welding Line 


Page Hersey Tubes Ltd., Toronto, Ontario, is one of several 
progressive manufacturers using Tocco induction heating 
to continuously anneal welds in electric seam-welded 4” 
diameter and larger pipe to improve ductility and toughness. 

The Tocco engineered and built post-weld stations are 
installed in the line following the welding station. Special 
Tocco developed inductors, powered by two Tocco high 
frequency generators, heat the weld affected area on pipe 
up to 8” diameter 34” wall to 1700°F at mill speeds. 
Annealing is accomplished with no extra handling of the Mail Coupon Today—FREE Bulletin 
pipe and with metallurgical results at the weld area not The Ohio Crankshaft Co. + Dept.R-12, Cleveland 5, Ohio 
possible by any other method. The cost is only a fraction 
of what it would be if the entire pipe were heated in a 
furnace. 

This is typical of the scope and ability of Tocco’s engi- 
neering staff to solve metal heating problems with induction Position 
heating. If your manufacturing operations require heating 
metal for forging, heat treating, melting, brazing or solder- 
ing, it will pay you to check with Tocco for the latest and 
most effective methods for increasing production and 
cutting costs. 


Please send copy of “Typical Results of Induction Annealing” 


Name 


L 
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TREATING 
UNKNOWN 
QUANTI 
YOU? 


If you work with metal... 
ferrous or non-ferrous . .. and haven’t 
considered steam atmosphere heat 
reating for your product, you may find 
you've overlooked an unsuspected source 
of surprisingly substantial savings. 

On the opposite page are just four 
examples to illustrate our point. If you 
want others . . . or details on any of these 
... or want us to help investigate 
possible savings you can make, just phone 
your nearest L&N office or write us at 
4927 Stenton Ave., Phila. 44, Pa. 

Catalog TD2-620(1) tells all about it, too; 
we'll be glad to send you a copy. 


LEEDS & NORTHRUP 
Pioneers in Precision 


Exhaust flapper valve 


Thermocouple 


Furnace lid 


Lid skirt 


Work basket 


| Brick 
insulation 


Valve 


Accelerated 
cooling assembly 


Furnace 
retort 


Blower 


Steam inlet pipe 


Speedomax® 


recording controller 
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REPLACES CADMIUM PLATING... These grey cast iron 
valve bodies are used in the pneumatically operated 
sanders that deliver sand for improved traction under 
the wheels of trains, trolleys and trucks. Their manu- 
facturer had a double-barreled problem . . . porosity 
in the castings was causing excessive rejects . . 
expensive cadmium plating was necessary to prevent 
corrosion in service. 

Steam treating has solved both problems in one 
operation. Rejects due to porosity have been elimi- 
nated, and many valves previously rejected have been 
salvaged. Cadmium plating has been eliminated 
entirely because exhaustive salt spray tests showed 
the steam-treated finish had a higher resistance to 
corrosion. 


RAISES “PSI” OF POWDERED IRON PARTS...Although 
many parts made of powdered iron function satisfac- 
torily in the as-sintered condition, there are others 
where an increase in hardness and compressive 
strength is an advantage. 

This is particularly true of such parts as the steam- 
treated gears, cams, etc., shown above, where addi- 
tional strength is needed on critical bearing surfaces. 
The shock-absorber piston in the center, for instance, 
presented a real problem .. . how to meet psi specifi- 
cations for the thin-section flange around the outer 
edge. Steam treating proved a cheap, practical solu- 
tion. Tests showed compressive strength of the flange 
increased from 1200 to 1400 psi. In addition, the 
parts, when oil dipped, had a pleasing uniform, blue- 
black color and high corrosion resistance. 
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PUTS “EXTRA-LIFE” IN CUTTING TOOLS...A machinery 
manufacturer faced a tough problem when specifi- 
cations called for milling a 0.250-inch-wide key-way 
slot into a piece of 4140 cold-rolled bar stock which 
was heat treated to a hardness of Re 34 to 38. In 
addition, tolerances were tight ... +0.001 inch... 
with sides perfectly square. 

The first high-speed steel tools used produced only 
four cuts and could not be resharpened because of 
the close tolerance. Hard-chroming the same tools 
improved cutter life to about 11 pieces per tool. Car- 
bide tools held up for from 11 to 14 pieces. The next 
move was steam treating experimental batches of 
tools in an L&N furnace. The first batch averaged 
100 parts per cutter, a second batch, 60 to 70 and a 
third lot, 100 to 125. 


CUTS EXPENSIVE PICKLING Costs... Non-ferrous 
lipstick tubes and other cosmetic containers made by 
a large Canadian manufacturer must be annealed 
before finishing operations can be performed. Scale 
was a problem. If left on, it ruined tools and dies. . 
removing it meant expensive, messy pickling. 

The solution was found when sample parts were 
annealed by the steam Homo® method. When this 
method was adopted as an integral part of the pro- 
duction line, pickling was eliminated. Subsequent 
figures from the cost-accounting department showed 
that eliminating this operation reduced annealing 
cost by 53 percent. 


i LEEDS & NORTHRUP Pioneers in Precision 
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.»: universal testing machines 


WITH A FUTURE 


RIEHLE offers complete instru- 
mentation and accessories for 
testing materials over a wide 
range of temperatures. This in- 
cludes vacuum furnaces for tests 
up to 5000°F., cryostats for tests 
down to 4°K., a full range of 
specimen holders and tools, auto- 
matic strain rate and load rate 
controls and load cells. 


RIEHLE offers sensitive, rapid re- 
sponse testing machines in both 
screw power and hydraulic types 
in capacities from 2,000 to 
450,000 Ibs. 


RIEHLE Electro-Balanced Indicat- 
ing Unit—the most versatile, ac- 


curate indicating system on the 
market —is available for both 
types of testing machines. 


RIEHLE Testing Machines are 
floor-mounted . . . no special 
foundation required. 


RIEHLE combines ruggedness and 
sustained accuracy with inherent 
long, trouble-free service by us- 
ing the most advanced methods 
in modern engineering technology 
and fabricating practices. 


RIEHLE maintains a national field 
calibration service for complete 
and dependable certified inspec- 
tion and calibration. 


RIEHLE engineers often save proj- 
RIEHLE 120,000 Ib. ect time, capital investment and 
labor costs by recommending 
testing procedures and equipment 
to meet specific requirements. 
Write for Bulletin RU-2-60. Ad- 

dress Dept. M?-1261. 


RIEHLE also builds Creep and Stress-Rupture Testing Machines, 
Hydraulic Fatigue Testing Machines, Construction Materials, Im- 
pact, Brinell, Torsion, Horizontal Chain, Rope and Cable Testers 
and Portable Hardness Testers for Rockwell Readings. 


RIEHLE TESTING MACHINES 


AMETEK A DIVISION OF AMETEK. INC. 
EAST MOLINE, ILLINOIS 


Circle 2217 on Page 48-B METAL PROGRESS 


> i 
| 
7 
= = = 
F 
4 
= 
. 
e 
29-( 
3 


Nonferrous 


Aluminum Extrusion Alloys 


Four new products for the extru- 
sion industry are now available from 
Aluminum Co. of America. Alloy C914 
ingot, modified 6063, provides in- 
creased extrusion speed and better 
mechanical properties. Alloy C58 is 
especially suited for extrusions to be 
porcelain enameled. Products of alloy 
6563 can be anodized to a brighter, 
more uniform reflective finish than 
other moderate - strength extrusion 
alloys. Alloy 4543 is used for archi- 
tectural extrusions —- a gray 
finish (light, medium or dark) which 
is produced by anodizing with the 
Alumilite process. 

For further information circle No. 1962 
on literature request card, p. 48-B 


Molybdenum Mill Products 


Universal-Cyclops Steel Corp. is 
now offering sintered molybdenum 
sheet in gages from 0.010 in. to 3/16 
in. and widths up to 36 in. by random 
lengths; rolled bar products are avail- 
able in diameters from 1/16 in. to 2 
in. and in random mill lengths up to 
10 ft. The sintered products supple- 
ment a line of arc-cast forms which 
include forging billet, plate, sheet, bar 
and wire. 

For further information circle No. 1963 
on literature request card, p. 48-B 


Tooling 


Machine for Heavy 
Form Grinding 


Norton Co.'s research on abrasive 
machining has resulted in a grinding 
machine designed to do form grinding 
of rod-mill rolls. This operation takes 
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20 to 25% ot the time formerly re- 
quired in turning on a lathe. Roll ma- 
terials too hard to turn can also be 
abrasive machined to final contour. 
The machine will handle rolls up to 
18 in. diameter by 96 in. long and 
mounts wheels up to 30 in. diameter 
by 12 in. wide. The grinding wheel 


operates at 10,000 sfm. to achieve 
rapid stock removal and has an auto- 
matic arrangement for dynamically 
balancing the wheel. 

For further information circle No. 1964 
on literature request card, p. 48-B 


WC Boring Bar Shanks 


Boring bars consisting of tungsten 
carbide shanks and steel heads offer 
reduced chatter and less deflection 
because the rigidity of the hard car- 
bide is three times that of tool steel. 
Semifinished “K-bars” produce better 
finishes and often eliminate extra 
boring and grinding operations. K-bars 
also permit greater length-to-diameter 
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KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the infor- 
mation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 
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How Alloy Steels 
Respond to Induction Hardening 


In the induction-hardening process, 
steel is first heated above the trans- 
formation range by means of elec- 
trical induction, then quenched as 
required. Special equipment is 
needed, and heat is developed as 
follows: 

High-frequency alternating cur- 
rent passes through a coil or induc- 
tor, with the result that a magnetic 
field is created in the coil. When the 
piece to be treated is placed in this 
field, it is heated rapidly by induced 
energy. With the various types of 
induction-heating equipment, the 
process is capable of surface- or 
case-hardening to various controlled 
depths; however, through-harden- 
ing can be obtained with certain 
alloy steels. Ferrous metals that 
respond well to induction hardening 
include numerous grades of both 
alloy and carbon steels, as well as 
hardenable stainless steel and plain 
or alloyed cast iron. 

As a rule, when alloy steels which 
contain non-carbide-forming ele- 
ments, such as nickel, are heated 
by induction, the usual hardening 
temperatures can be used. But with 
alloy steels that do contain carbide- 
forming elements such as chromium, 
molybdenum, and vanadium, the 
hardening temperature must be 
increased if the normal effect of the 
alloying elements is desired. 

Hardness obtained by the induc- 
tion process is a function of the 
carbon content and prior structure, 
just as it is when conventional 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


heating methods are used. Never- 
theless, higher surface-hardness 
values for a given carbon content 
have often been noted in parts sub- 
jected to surface induction-harden- 
ing. The extra hardness may be as 
much as five Rockwell C points for 
steels of 0.30 pet carbon. 

As pointed out previously, the 
induction method requires special 
equipment. However, it possesses 
several marked advantages, includ- 
ing speed of heating and cleanliness 
of operation. Pieces heated by in- 
duction are usually subject to a 
minimum of scaling and distortion. 
Moreover, induction-hardening 
equipment is very compac. and 
therefore conserves floor space. 

If you would care to know more 
about the induction hardening of 
alloy steels, please communicate 
with our technical staff. Bethlehem 
metallurgists have made a thorough 
study of the subject, including the 
many details of quenching and 
tempering. Call them if they can 
help you in any way. And remem- 
ber, too, that Bethlehem makes the 
full range of AISI standard grades, 
as well as special-analysis steels and 
all carbon grades. 


This series of alloy steel advertise- | 
| ments is now available as a compact | 
| booklet, ‘‘Quick Facts about Alloy | 
| Steels."’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


| 


Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Economy 
Versatility 
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for HARDENING BRAZING 
SOLDERING * FORGING + ANNEALING 
MELTING « SINTERING weCDING 


THER- MONIC 


HEATING 


Over 15,000 heating 
tions resolved in our customer 
service laboratories. 
and know-how qualify us to 
prescribe the techniques and 
equipment Ase for your 
requireme 


INDUCTION HEATING CORP. 
181 WYTHE AVE., BROOKLYN 11, N.Y. 


Subsidiary of Hathaway Instruments, Inc. 
Circle 2219 on Page 48-8 
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ratios and an increase in feeds and 
speeds. Ten sizes are available ranging 
from 7/16 to 2% in. diameter and 
from 75% to 28% in. long. Kennametal 
Inc. 

For further information circle No. 1965 


WS2— New High- 
Temperature Lubricant 


Tungsten disulfide, a soft, grayish- 
black powder, has excellent lubricating 
properties and higher oxidation re- 
sistance than molybdenum disulfide 
or graphite. Used in solid-film form or 
as an additive to suitable carriers, it 
is an effective lubricant in wire draw- 
ing, metal forming, and cutting, as 
well as in high-temperature valves, 
gears and bearings. Sylvania Electric 
Products Inc. 

For further information circle No. 1966 
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Mesh-Belt Sintering Furnace 

Designed for sintering and _infil- 
trating, a new furnace from Harper 
Electric Furnace Corp. features posi- 
tive counterflow of atmosphere gas, 
proper disposal of volatiles, easy ash 
removal, rapid duplication of belt 
speeds, and accurate control of tem- 
perature. The operating characteristics 


of the “Model M” furnace insure di- 
mensional stability and part strength. 
Strains within pressed compacts are 
relieved gradually since the parts are 
heated slowly and soaked at uniform 
temperature in the burnoff chamber. 
Heating chamber lengths range from 
3 to 11 ft. and mesh belt widths from 
6 to 36 in. The burnoff and high-heat 
chambers can be gas fired or elec- 
trically heated. 

For further information circle No. 1967 
on literature request card, p. 48-B 


Seal for 
High-Temperature Furnaces 
This terminal seal was developed 
by Hevi-Duty Electric Co. to replace 
the box-type enclosure .«dinariiy used 
over the ends of silicon carbide heat- 
ing elements. Use of the new seal 
reduces furnace shell temperature, 


The Most For Your 
“Rockwell Testins 
“Dollar! 


GUARANTEED 
ACCURATE 


CLARK HARDNESS TESTERS 
ARE GUARANTEED ACCU- 
RATE FOR ALL “ROCKWELL 
TESTING”. CLARK'S EXACT- 
ING WORKMANSHIP IN THE 
PRODUCTION OF PENETRA- 
TORS, TESTING BLOCKS, 
ANVILS, AND OTHER ACCES- 
SORIES PAYS OFF IN EXCEP- 
TIONAL ACCURACY ON THE 
JOB. NO WONDER THE LOW 
COST SURPRISES OUR FIRST- 
TIME CUSTOMERS. CLARK 
INSTRUMENT, INC., 10201 
FORD ROAD, DEARBORN, 
MICHIGAN. 


FREE REFERENCE BOOK 
Description and prices 
for Clark Hardness 
Tester and free Hard- 
ness Conversion Chart 
available on request. 


Missile-Age Accuro 


aD 
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Heating and cooling sections 
of this new type brazing fur- 
nace move to surround retort 


TRAOE MARK 


PACIFIC SCIENTIFIC COMPANY, LOS ANGELES ¢ SAN FRANCISCO ¢ SAN DIEGO « 


PORTLAND e SEATTLE ¢ DENVER ¢ ARLINGTON, TEXAS 
29-G Circle 2221 on Page 48-B 
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simplifies maintenance, and eliminates 
the explosion hazard. Flexible gaskets 
which fit around the heating elements 
make the new seal leakproof and a 
wire screen guard prevents contact 
with the terminals. 

For further information circle No. 1968 
on literature request card, p. 48-B 


Multiple Tunnel Burners 
A four-flame gas burner made by 


Pyronics Inc. produces 4,000,000 Btu. 
per hr. with a 2-ft. flame length, suit- 
able for firing into restricted areas or 
into pressurized combustion chambers. 
Individual flames, with a turndown 
ratio of 40:1, provide a minimum 
capacity of 50,000 Btu. per hr. in the 
“2004NM” model. Capacities can be 


increased up to 70% with higher air 
and gas pressures. The units, which 
burn any standard fuel gas, are 
equipped with standard pilots and 
flame detectors. 

For further information circle No. 1969 
on literature request card, p. 48-B 


Infrared Gas Burner 

The “Type K” burner, with a higher 
conversion ratio (fuel to infrared 
energy) than any other infrared 
burner, provides increased efficiency 
in drying, curing, heat treating, and 
baking operations. The K-burner, 65% 
in. wide, comes in 242, 442 and 7-in. 
lengths, which can be mounted end-to- 
end to provide continuous heat radia- 
tors up to 100 ft. long. The burner 
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features controlled fuel input to each 
section which permits “profiling” heat 
output to meet varying requirements 
across the product being treated. Red- 
Ray Mfg. Co. 


For further information circle No. 1970 


Versatile Gas-Fired Furnace 


r 


Used for carburizing, carbonitriding, 
carbon restoration, normalizing, an- 
nealing and hardening at temperatures 
from 1400 to 2000° F.. this controlled 
atmosphere furnace is designed so that 
no part of the transfer system is ex- 
posed to heat except when work is 
being processed. Available in five 
sizes, with heating chamber dimen- 
sions ranging from 12 by 12 by 18 in. 
long to 30 by 24 by 48 in. long, the 
furnace has production rates ranging 
from 100 to 1000 Ib. per hr. Sunbeam 
Equipment Corp. 

Circle No. 1971 on request card, p. 48-B 


Variable Temperature 
Chamber 

A testing chamber made by Cincin- 
nati Sub-Zero Products can test 150 
parts simultaneously over a range 
from —100 to 350° F. The “Model 
SU-100-10-HC”, with 10 cu. ft. capac- 
ity, is adapted to nondestructive as 
well as life testing of diodes, resistors, 
capacitors, transistors, other 
component parts. Thermal capacity 
of the unit is 400 Btu. per hr. at 
—80° F.; an air baffle assures even 
temperature distribution by  elimi- 
nating hot spots and stratification. 


For further information circle No. 1972 


Continuous Annealing 
Furnace 

General Electric Co. announces a 
high-production furnace for the con- 
tinuous annealing of aluminum, cop- 
per, or brass strip. Since every square 


WILLIAM C. DIMAN, 
Atmosphere Equipment 
Specialist, reports... 


MODERN PROCESSES 
DEMAND MODERN 
ATMOSPHERES 


Ever since 1927, when C. I. Hayes 
perfected the first controlled-atmos- 
phere heat treating furnace, we have 
made a steady effort to further the 
technology of atmosphere gener- 
ators and dryers. By recommending 
proper generators and dryers, we 
have helped our customers speed 
production, improve product uni- 
formity and quality and save proc- 
essing time and trouble. The big 
Hayes equipment line includes: 
MOLECU-DRYER (using 

LINDE’S Molecular Sieves) 

— for drying, sweetening, 

purifying protective atmos- 

pheres and for gas and liquid 

separation and recovery. 

Exit gas dew points to less 

than minus 100°F. Many 


standard sizes available for process appli- 
cations, instrument air drying, etc. 


NITROGEN GENERATORS 
(using LINDE’S Molecu- 
lar Sieves) — produces 
99.99% pure inert gas at 
about 20¢ per 1000 cu. ft. 
Standard sizes from 1000 
CFH to 10,000 CFH. 


“ENGINEERED ATMOSPHERES” 
— HAYES offers a broad range 
of equipment for producing oxi- 
dizing, reducing, carbon-poten- 
tial, and nitrogen-hydrogen 
atmospheres . . . also engineered 
equipment packages for stand-by 
(start-ups, emergencies, etc.). 
Standard sizes are available in all 
types: Exothermic, Endothermic, 
and forming gas generators — 
also ammonia dissociators. 


Hayes offers more than just equip- 
ment. Our Engineering organization 
and experimental lab. are ready to 
help make sure you get the right 
atmosphere equipment for your 
work 

ASK FOR BULLETINS... 
Molecu-Dryer. . . . S7O03-A 
Nitrogen Generator GDC-1 
Exothermic G for. . . 
Endothermic Generator 5808A and 5810-G 
A ia Di iator . ° 5810-D 
256-A 
5908-GC 


Bulletin No. 


General Bulletin . 
Forming Gas Generator 


Cc. 1. HAYES, wwe. 


Established 1905 
802 WELLINGTON AVE CRANSTON 10, R. 


Circle 2222 on Page 48-B 
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inch of each coil receives the same 
treatment in the furnace, the strip is 
uniform in grain size, properties, 
and surface condition. Strip passing 
through the furnace cannot be 
scratched, since it touches nothing 
during heating or cooling. Heat input 
to the furnace may be varied by a 
ratio of 8 to 1 while maintaining ac- 
curate control of the products of 
combustion. 

For further information circle No. 1973 


Finishing 


Straight-Line Buffing 
Machine 

This automatic machine is used for 
buffing and satin finishing of flat parts 
such as sink and table tops. A timer 
permits work to reciprocate under 
the wheel for a predetermined period. 
An oscillating feature provides uni- 


form wheel wear, eliminates buff 
streaking, and permits the use of 
buffing lathes that do not incorporate 
stroking-type spindles. Acme Mfg. Co. 


For further information circle No. 1974 


Ultrasonic Equipment 
Ultrasonic equipment can only do 
half a job if the properly formulated 
compounds are not used. Therefore, 
in addition to its present line of over 
600 chemical cleaning and processing 
compounds, Turco Products, Inc. has 
added ultrasonic generators (125 to 
25,000 watts) and tanks ranging from 
12 to 36 gal. The equipment can 
clean parts made of aluminum, brass, 
magnesium, stainless steel, ceramics, 
and many other materials. Compo- 
nents cleaned by this process include 
jet engine filters, bearings, electrical 
circuits, and missile parts. 
For further information circle No. 1975 


aN 


Plate-Edge Preparation 

Using standard machine cutting 
torches with acetylene, natural gas or 
propane, the “Model PE-1” plate- 
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edge preparation unit can accurately 
cut straight edges as well as single 
bevels, double bevels or bevels with a 
nose. Cutting nozzles float freely as 
a guide wheel moves over the work 
surface. This assures smooth, uniform 
cuts by maintaining the proper nozzle- 
to-workpiece distance regardless of 
surface contour. The unit can be 
mounted on a flame-planer bridge, a 
side-beam carriage, or a portable ma- 
chine carriage. Linde Co. 

For further information circle No. 1976 
on literature request card, p. 48-B 


Flash-Butt Welders 


Sciaky Bros., Inc. is introducing a 
series of air-operated flash-butt weld- 
ers designed to weld a wide range 
of metals including low-carbon and 
stainless steel as well as aluminum 
and copper alloys. Available in 20, 
50, 100 and 150-kva. sizes at 50% 
duty cycle, the “BPR.O” series of low- 
impedance, single-phase welders can 
accommodate a maximum stock width 
of 6 in., a maximum stock diameter 
of 3 in., and a minimum diameter 
ring of 5 in. Upset force up to 20,000 
Ib. and clamping force up to 30,000 
lb. is provided. The pneumatic flash- 
ing and upsetting systems are each 
independently adjustable. 

For further information circle No. 1977 


Electron Beam Gun 

The “Model 2025G”, made by High 
Vacuum Equipment Corp. can be 
used for welding refractory and re- 


LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals . . . Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN .. . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 45 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as castings. 


MUELLER HAS THE METALS .. . and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you're making 
missiles or mowers ...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 28, MICHIGAN 
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The Porter Alloyist delivers the right alloy 
IN THE SPOTS THAT COUNT 
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In a split second, the parachute will 
leap from the pack, released by five 
special stainless steel springs. Can 
you think of a tougher spot for 
reliable performance? Now—and 
every other time—the springs must 
work perfectly, must keep their 
shape, unfailing strength and resist- 
ance to low temperatures. It’s a 
job for exactly the right alloy— 
recommended and supplied by the 
Porter Alloyist. 


THE PORTER ALLOYIST IS 
A SPECIALIST IN A WIDE 
RANGE OF SPECIAL METALS 


Porter’s Riverside-Alloy Metal Di- 
vision is your single reliable source 
for specialty alloys in 8 basic groups 
of wire, rod and strip . . . phosphor 
bronze, nickel silver, cupro nickel, 
brass, stainless steel, nickel, Monel 
and Inconel. 

Ask for a free copy of “‘Alloys for 
Industry”’ describing our wide range 
of specialty alloys. Write H. K. 
Porter Company, Inc., Riverside- 
Alloy Metal Division, Riverside, 
N. J. Or contact our sales offices 
in Hartford, Chicago, East Orange, 
Atlanta, Cleveland, Detroit, Cincin- 
nati, Los Angeles and Rochester. 


PORTER cupro nickel wire carries the 
workload in telephone switchboards. 


PORTER supplies bronze and brass strip 


for wiring harnesses in automotive and 


marine electrical systems. 


RIVERSIDE-ALLOY METAL DIVISION 


H. K. PORTER COMPANY, INC. 
Circle 2224 on Page 48-B 
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active metals and other difficult-to- 
weld alloys. Self-accelerated, the unit 
incorporates electrostatic deflection for 
moving the beam electronically within 
a 3-in. circle. Operating in stainless 
steel bell jars, or in larger chambers 
for production work, the gun can be 
moved mechanically to provide further 
versatility in welding. Rated 20 kv., 
5 kw., the unit can also be used for 
button melting, zone refining, and 
thin-film deposition. 

For further information circle No. 1978 


AirCooled Welding Torch 


An air-cooled TIG holder features 
a thumb-operated gas valve for in- 
creased speed and economy. Ideal 
for welding thinner gages of alumi- 
num, stainless steel, copper, and 
magnesium, the “H-16B” holder is 


rated 160 amp. a-c. or d-c. continuous. 
A variety of alumina nozzle sizes are 
available in 1% and 1% in. lengths; 
argon, helium, or mixtures of both 
shielding gases can be used. The 
holder minimizes stub loss and elimi- 
nates high-frequency leakage. Tung- 
sten electrodes from 0.20 through 
5/32 in. diameters and from 2 to 7 
in. long can be accommodated. Air 
Reduction Sales Co. 

For further information circle No. 1979 


Testing 


Detecting Flaws in 
Moving Metal 
“Flux-Flaw” equipmen 
such elusive flaws as poor 
and laminations in contin: 


ing metal. The equipment is also used 
to find butt te in coils of coated 
or uncoated wire and tubing. The 
unit can easily distinguish between 
what it is seeking and unwanted back- 
ground “noise.” Replaceable electronic 
modules permit the unit to be adapted 
to a variety of testing applications, 
including conventional eddy current 
techniques. Assembly Products, Inc. 

For further information circle No. 1980 


Power Controller 


A power control device, replacing 
saturable core reactors, is used in 
conjunction with a “Speedomax H” 
current-adjusting unit to control elec- 
trically heated metal processes. The 
silicon rectifier unit is smaller and 
lighter, and has a faster speed of re- 
sponse, a wider control range, and 
more linear control for directing signal 
input and power output. Leeds & 
Northrup Co. 

For further information circle No. 1981 


Casting 


Weld-in-Place Refractory 
Introduced by Corhart Refractories 


Co., each fusion-cast refractory shape 
contains a steel lug which is arc 
welded directly to the structure to be 
protected; installation is quicker, 
easier, and less costly. The zirconium- 


aluminum-silica product, “Corhart 
ABR”, is used in areas where abrasive 
attack occurs as a result of moving 
bulk material such as coke, sinter, ore, 
taconite, and hard pelletized materials 
Available sizes include rectangles 1, 
2, 3, or 4 in. thick and 4 to 12-in. pipe 
liners. 

For further information circle No. 1982 


Parts 


Spring-Making Machinery 
The “Springenerator” can produce 
springs in a single operation at rates 
from 720 to 6000 per hr., and the 
shape of the end loop does not affect 
production rates. Recent design 
changes have resulted in a smoother 
working machine, longer machine life 
and easier maintenance. The Sprin- 
generator accepts wire 0.008 to 0.034 
in. in diameter and offers a load tol- 
erance of 5%. Baird Machine Co. 
For further information circle No. 1983 
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This is a P&H engine-driven welder. 
We make 10 different kinds. 
Nothing fantastic about how they work.. — 


_ They just weld good like they should. 


We build ’em as though we were going to buy’em ourselves! 


Know a better guarantee of quality? 


HARNISCHFEGER 


Milwaukee 46, Wisconsin 


Circle 2225 on Page 48-B 
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ANACONDA FREE: 


Free-Cutting... 
Cost-Cutting 


Year after year after year, engineers 
who know brass select Anaconda Leaded 
Brasses for their special characteristics 
and qualities. 


The superior machining qualities of 
Anaconda free-cutting brass rod permit 
the use of heavy feeds and high cutting 
speeds. Tool life is much longer; tool 
breakage considerably less. Close tol- 
erances are held for longer continuous 
runs. What’s more, you get fewer rejects, 
more accurate assemblies, and products 
with better appearance. 


When you buy or specify Anaconda 
American Brass, you can choose from 
nearly 300 different alloys . . . the great- 
est range of sizes, shapes, tempers and 
characteristics in Copper and Copper 
Alloys. Contact your Anaconda repre- 
sentative or write: Anaconda American 
Brass Company, Waterbury 20, Conn. 
In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 61-1147 


FREE CUTTING BRASS 
a product of 


ANACONDA 


AMERICAN BRASS COMPANY 
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A complete 1960 coverage of twelve Metal Subjects 
is now presented in the new ASM 


INFORMATION 


For the first time ASM’s electronic Information 
Searching Service makes available, at extremely low 
cost, abstract references concerning twelve of the most 
popular metals areas. 


Complete, thorough, and comprehensive “file” 
searches of the world’s published technical literature 
made by ASM’s electronic Information Searching Service. 


You will secure abstracts based on electronic scan- 

ning of books, articles, reports, technical papers— 

The reference file box contains abstracts pre- selections made from 36,000 individual documents pub- 

sented on individual 7”x4%2” “easy reference” lished during 1960. Abstracts of all documents relating 
file sheets. to the “file” subjects listed below are included. 


ORDER FORM 


Place a check-mark in the box in front of each item you are ordering. 
Complete the coupon and return entire form to: 


AMERICAN SOCIETY FOR METALS ¢ METALS PARK, OHIO 


. Columbium 
. Molybdenum 
. Tantalum 
. Tungsten 
. Zirconium and Hafnium 
. Refractory Metals—General 
(Supplements abstracts found in files 1 thru 5. It con- 
tains articles applicable to all metals in the refractory 
group.) 
7. All Refractory Metals 
(Special price for all files 1 thru 6.) 
[] 8. Cryogenic Properties of Metals 
[] 9. Vacuum Melting and Casting 
10. Nondestructive Testing 
[] 11. Explosive Forming 
12. Oxygen Steelmaking 


Name 

Street and No. 
City 

Company 
Street and No. 
City.. 


Check where to ship: Home Address [] Company Address [| 
Invoice Me [| Invoice My Company [ ] Payment Enclosed [_] 
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age 

File No. of ASM Members Non-Members 
No. Abstracts Price Price 

104 $14.00 $17.50 
115 14.00 17.50 
78 9.60 12.00 
118 14.00 17.50 
: 205 22.00 27.50 
161 20.00 22.50 igh 
| 781 72.00 90.00 | 
253 32.00 40.00 
305 36.00 45.00 
239 28.00 35.00 

102 14.00 17.50 ty 
105 14.00 17.50 
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Three Spencer blowers (on floor, left, center and right) on Electric Furnace 
Company gas fired, special atmosphere annealing furnace at Bridgeport 
Brass Company. 


aM Spencer blowers atop Drever tempering furnace at 
Sheffield Div., Armco Steel Corp., Houston, Texas. 


--.- preferred because of their 


On a wide variety of applications throughout the metalworking industry, Spencer 
blowers daily are demonstrating their dependability. The famous Spencer ‘‘sugar- 
scoop”’ silhouette is seen wherever uninterrupted delivery of high volume, low pres- aye 

sure air must be assured. ek 


Spencer blowers—also referred to as Turbo-Compressors because of their turbine 
ca type construction—are of the centrifugal type and increase air pressure in stages by 
means of lightweight impellers. 


Be 
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Spencer blower on Surface continuous roller hearth bright annealing 
furnace in finishing line of Scovill Manufacturing Company's tube 
mills, New Milford, Conn. 


Spencer blower supplies combustion air to Kemp 
inert gas generator. 


A single Spencer blower (upper left) serves entire 
melting line at The American Hardware Corp., world’s 
largest maker of locks and builder's hardware. 


proven reliability 


Among the many reasons why Spencer blowers are pre- LOW OPERATING COSTS—Significant operating sav- 


ferred: ings are realized because power used is in direct 

/ roportion to air delivery required under varyin 

RUGGED CONSTRUCTION—Sturdily built and solidly yng 
conditions. 

positioned on a bridge-like bese... yet compact in 

design, with no unnecessary bulk. 

4 NON-CONTAMINATION FEATURE—Because all bear- 
RELIABLE OPERATION—Because lightweight impellers —_ ings are outside of casing, there can be no oil contami- 
with wide clearances are the only moving parts, wear nation. Delivery of clean air is assured. 
is reduced ...long term, uninterrupted operation is 
assured. 


Standard models are available in capacities from 4 
EASE OF MOUNTING—Absence of vibration simplifies to 1,000 H.P....up to 20,000 C.F.M....4 oz. to 
attachment... eliminates need for special mounting 10 Ibs. pressure. For complete technical information 
... permits freedom in positioning. request Catalog No. 126C. 


Built-in vacuum cleaning systems help to keep mi- 
croscopic dust particles out of critical aerospace. 
components at Barden Corp., producer of precision 


instrument bearings. 
Request Catalog No. 155B 


other spencer products 


Heavy duty portable vacuum cleaners—available in 
sizes from % H.P. to 100 H.P.—fill a wide range of 
industrial, commercial and institutional requirements. 


Request Catalog No. 155B 


‘ 


Pneumatic conveying system at Columbia Records Co. plant, Terra 
Haute, Indiana, speeds movement of plastic pellet material to au- 
tomatic record presses, eliminating excessive labor in distribution 
of material. Portable or installed systems available in capacities to 
100 H.P. 


Request Catalog No. 143B 
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IN HEAT TREATING 
HIGH-SPEED STEELS 


- + « No other method including vac- 
uum heating matches salt bath speed, 
quality of results, uniformity and free- 
dom from localized overheating, grain 
growth, distortion and excessive car- 
bide solution! 


This commercial heat treaters’ high-speed Ajax salt bath installation has meant 


Uniform...Decarb-free...Straighter Work 
HARDENED TIMES FASTER! 


When Benedict-Miller Inc., well-known commer- 
cial heat treaters of Lyndhurst, N. J. installed their 
Ajax high-speed salt bath furnace they expected a 
lot in the way of better, lower cost results—and 
got even more! Here, after 3 years of constant 
use, is the way it stacks up: 


WORK HANDLED IN 50% -75% LESS TIME! 


Regardless of size, shape or type of high-speed work, 
loads are handled in from 21/, to 4 hours as compared 
to 7 or 8 hours previously. 


CHEAPER FIXTURES..... 
FASTER FIXTURING 


Costly special alloy trays that necessitated painstaking 
fixturing of the work have been replaced with simple, 
easily-loaded carbon steel fixtures. 


OUTSTANDING RESULTS ON T-TYPE 
COBALT STEELS..... 


Hardness of R, 66-68 is consistently obtained on critical 
cobalt steels such as T,, T,, T; and T,. Decarburization 
is not a factor. Finish grinding is seldom needed. (Previ- 
ously a minimum of .010” had to be allowed for grind- 


ing even though protective coatings were used on the 
work to reduce decarburization.) 


PLUS THESE ADDITIONAL ADVANTAGES! 


The same Ajax furnace and the same salt operate at any 
required temperature between 1750° and 2350°F.... 
One daily rectification maintains bath neutrality. . . . 
Partial hardening can now be done as needed. Because 
salt bath heating is so much faster than other methods, 
there is no danger of oversoaking light sections of pieces 
of varied thickness . . . 
. .. And furnace maintenance has been 
lower than their best expectations. 


SALT BATH FURNACES 
Internally heated electric and gas-fired types 


AJAX ELECTRIC COMPANY 
910 Frankford Ave., Philadelphia 23, Pa. 


AUSTRALIA: Birlec Major Ltd., Victoria. ARGENTINA: Master Argentina, S. A., Buenos Aires. BRAZIL: Organicacao 
naus 


i Fides, S. A., Sao Paulo. ENGLAND: Imperial 
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ical industries Ltd., Oldbury 
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HARNESSING THE 
ELECTRON BEAM 


WHAT IS E-BEAM EQUIPMENT? 


WHAT IT IS: Alloyd Electronics’ WHATDOESITDO?CANITBEPUTTO jossibic contamination free, 
electron beam equipment con- WORK FOR YOu ECONOMICALLY? narrow heat affected zone welds 


sists of a line of completely self- 
contained units employing elect- 
ron bombardment heating, carried out in a vacuum, 
for evaporating, welding, brazing or zone refining. 


MAJOR APPLICATIONS: 
Evaporation: Alloyd electron beam equipment can be 
used to produce high purity thin metallic and non- 
metallic films by vapor deposition of high temperature 
materials. Films can be made from the most difficult ma- 
terials, including beryllium, tantalum, silica, alumina. 
Useful thin-film applications: Electronics, where thin 
films can perform as capacitors, resistors, magnetic 
memory devices, etc. . . . optics, where thin films with 
unusual optical properties are being developed . . . and 
countless other applications. 


Welding: Alloyd Electron Beam Welders (see below) are 
designed for experimental or production welding and 
brazing of refractory and reactive metals. High vac- 
uum is coupled with high power density — makes 


alloyd electronics corporation 


self-contained. An i 


other components. 


information. 


4 Mark VI Electron Beam Welder — for clean, crack-free welds in 

even the most refractory and reactive metals by electron bombard- 
ment. High vacuum eliminates contamination. Ultra-narrow heating 
zone permits optimum control and precision in handling very thin 
pieces or welding thin-to-thick sections. 


Mark V Electron Beam Evaporator— a reasonably priced, highly © 
flexible unit for producing thin metallic and non-metallic films by 
vapor deposition through electron bombardment heating. Completely 
ble research and development tool for thin- 
film applications, including micro-miniaturized electronic circuitry, 
optical filters, resistors, capacitors, memory devices, countless 


The Electron Beam at your service — Our laboratory is part of an 
advanced, complete facility for electron beam welding, brazing, 
evaporating, melting and zone refining maintained by Alloyd to meet 
custom requirements. We also offer enginee-ing, consulting and R&D 
services in systems design and development. Ask us for complete 
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in titanium, beryllium, tungsten, 
molybdenum, etc. 


MAJOR ADVANTAGES OF ALLOYD EQUIPMENT: 
1. Modular design, for flexibility: basic components of 
any Alloyd system, including electron gun and power 
supply, vacuum chamber, and vacuum pumping system 
are available in practically unlimited combinations for 
maximum flexibility, and can be easily and economically 
tailored to any application. 2. Voltage is low and safe 
(30,000 volts max.) eliminating x-ray hazards to the op- 
erator. 3. Maintenance is simplified. For example, the 
electron gun filament in any Alloyd unit can be serviced 
without removing the gun. 4. Operation is simplified. 
Fingertip controls, located directly underneath the cham- 
ber, make for maximum operating ease and efficiency. 

Benefits to be derived from Alloyd’s look-ahead modu- 
lar design are both numerous and substantial, not only in 
terms of reliability, but in terms of flexibility and cost. 
It will be well worth your while to write today for com- 
plete information. 


35 Cambridge Parkway, Cambridge 42, Massachusetts 
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The surging power of modern 20,000-pound thrust jet 
engines is being harnessed effectively by critical parts made 
of HayNEs high-temperature alloys. Turbine seal areas are 
typical of the hot spots in which these alloys serve. Here, in 
the form of turbine seal rings, they contain the hot combustion 
gases as they roar through the various turbine stages. 

In these, and in other parts too, such as afterburner liners, 
flame holders, shrouds, and investment-cast turbine blades 
and nozzle vanes, HAYNEs alloys are resisting the punishing 
effects of long hours at high temperature. In fact, one of the 
Air Force’s latest 1500-MPH jets uses six different HAYNES 
alloys in vital parts where heat and stress would weaken 
and fatigue other materials. 

Whether investment- or sand-cast, rolled, wrought, vacuum 
melted, or air melted, there’s a HAYNEs high-temperature 
alloy to meet your needs. 


Manufacturer uses ring-roller to shape tur- 
bine seal rings made of HASTELLOyY alloy X 


HAYNES STELLITE COMPANY 
Address inquiries to Haynes Stellite Company, Division of Union Carbide Corporation amet 


270 Park Avenue, New York 17, N.Y. Kokomo, Indiana 
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Advanced Heat Engineering 
the 


Shown above is another example of 
CINCINNATI ADVANCED HEAT EN- 
GINEERING .. . a new Inductron® 400 
cycle, 30KW, Motor Generator Heating- 
Stress Relieving Machine. This unit is being 
used for the preheating and stress relieving 
of welded piping. Designed to be transported 
from one job site to another, heating can be 
accomplished up to 200 feet away from the 
generator—in otherwise inaccessible places 


—using small diameter cables and wrap- 
around or clamp-on coils. The heating cycle 
is automatically programmed. 

As builders of a complete line of Flamatic* 
flame heating and Inductron motor genera- 
tor and radio frequency induction heating 
machines, CINCINNATI is ready to serve 
you with detailed engineering calculations 
and the selection of tooling and heating 
equipment to solve your heat processing 
needs. Let the benefits of CINCINNATI 
ADVANCED HEAT ENGINEERING 
work for you. Call in a Meta-Dynamics 
Division field engineer. 


META-DYNAMICS DIVISION 


Center of Advanced Heat Engineering 
Flame and Induction Heating Machines 
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Steel 


1986. Zinc-Coated Steel 

Brochure from Armco Steel Corp. de- 
tails the advantages of “Zincgrip A, Paint- 
grip,” a new kind of hot-dip zinc-coated 
steel especially prepared to take a paint 
finish which is as attractive as the paint 
finish on cold-rolled steel. It’s spangle- 
free, holds paint tighter and longer and 
permits twice as many spot welds as 
ordinary galvanized steel. 


1987. Precipitation-Hardening 
Stainless 

32-p. booklet from Republic Steel Corp. 
contains data on heat treatment, chemical 
properties, fabricating characteristics and 
applications for all precipitation-harden- 
ing stainless steels. 
1988. Austenitic Stainless 

8-p. booklet explains nature and occur- 
rence of sigma phase, as well as its chemi- 
cal composition, identification, and effect 
on mechanical properties and corrosion 
resistance. Electric Steel Foundry Co. 


1989. PH Steels 
Republic Steel Corp. offers literature on 


' 11-7 PH and PH 15-7 Mo stainless steels 


for improved properties and formability. 


1990. Alloy Steel Applications 
Product and Facilities Catalog on “Aris- 

toloy” alloy applications, leaded and un- 

leaded grades. Aristoloy Steel Div. 


1991. Metallurgical Education 

32-page catalog covers courses on all 
phases of metals engineering including 
elements of metallurgy, welding, heat 
treatment and foundry. A.S.M. Metals 
Engineering Institute. 


1992. High-Strength Steel 
“N-A-XTRA” high-strength steels are 
available at four levels of minimum yield 
strength from 80.000 to 110,000 psi. In- 
formation from Great Lakes Steel Corp. 


1993. Columbium Steels 

Columbium in steel improves strength 
and weldability with only a minor loss in 
ductility. For more information, send for 
reprint “Columbium in Carbon Steels”. 
Union Carbide Metals Co. 


1994. Specialty Bolts 

Republic Steel Corp. has prepared a 
brochure reviewing applications for spe- 
cialty bolts and nuts. 


1995. 17-4 PH Stainless 


Armco Steel Corp. has published data 
on 17-4 PH stainless steel; stronger than 
Type 416, with corrosion resistance in the 
18-8 class. 
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1996. Tool Steel Selector 
The Allegheny Ludlum tool steel 
“Steelector” booklet contains selector 
cards, descriptions of the various tool stee] 
ades, and explains individual “Data 
tock lists” available for each grade. 


1997. Alloy Steel Booklet 

“Quick Facts About Alloy Steels”, pub- 
lished by Bethlehem Steel Co. Elemen- 
tary information on steel heat treatment, 
properties, and microstructures. 


1998. Cobalt-Base Alloys 

These alloys have low coefficients of 
friction and are unusually long lasting 
under metal-to-metal wear conditions. 
32-page booklet from Haynes Stellite Co. 


1999. Data on Light Metals 
Design data on characteristics and prop- 
erties of light metals (magnesium, alumi- 
num and titanium) is contained in 44- 
page ete prepared by Brooks & Per- 
ins, Inc. 


2000. Zirconium Products 

“Zirconium Data File” gives informa- 
tion on production of zirconium and haf- 
nium smelting, wrought products, alloys 
and properties, fabrication, and applica- 
tions. Carborundum Metals Co. 


2001. “Handbook of the Alloyist” 
Discusses advantages of several pov 
of alloys used in the electrical and elec- 
tronics industries. Properties and typical 
applications are given. H. K. Porter Co. 


2002. Molybdenum Sheet 

A.S.T.M. reprint presents data on prop- 
erties and applications of molybdenum- 
base sheet. Climax Molybdenum Co. 


2003. Bronze Alloys 

Special characteristics of copper-base 
alloys make them ideal for applications 
where corrosion, erosion, abrasion or 
metal-to-metal wear are encountered. 
Pamphlet from Ampco Metal. 


2004. Aluminum-Lithium Alloys 


Report 4073 on the physical and me- 
chanical properties of some aluminum- 
lithium alloys has been issued by Lithium 
Corp. of America, Inc. 


2005. Ductile Vanadium 

Vanadium Corp. of America has pub- 
lished “Ductile Vanadium: Techniques 
That Make Fabrication Easier’, which 
discusses new fabricating techniques for 
hot worked and cold worked ductile 
vanadium including annealing range, ex- 
truding methods, machining and welding. 
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i, Eliminate scaling and decarburization 


in heat treating, without special atmospheres — through the use of salt baths. Use AEROHEAT® 
heat treating salts for uniform, economical results in electric, gas or oil fired furnaces. For further 


information about Cyanamid chemicals for the metal industry or technical assistance, mail coupon 


CYANAMID CHEMICALS FOR THE METAL INDUSTRY 
American Cy id C y 


HEAT TREATING SALTS: AEROHEAT 1700 1800°F to 2400°F; AEROHEAT Precces Chamienis Bapestment 
1400 1650°F to 2150°F; AEROHEAT 1000 1050°F to 1850°F; AEROHEAT 30 Rockefeller Plaza, N.Y. 20, N.Y. 
1200 1300°F to 1600°F; AEROHEAT 400 450°F to 1100°F; AEROHEAT 300 date chet 
325°F to 1100°F; Nitriding Salt 900°F to 1150°F. C] Cyenamid Selt Baths 
CARBURIZING AND CASE HARDENING COMPOUNDS: AEROCARB® E and [_] Other Cyanamid Metal Chemicals 
W, A and B Case depths .005” to .045”, S and R, D Case depths .005” to 
.150”; AEROCASE® 28 and 510 Case depths .005” to .050”. 

OTHER CYANAMID METAL CHEMICALS: AEROMET® metallurgical additives 
for nitrogen addition to and desulfurization of ferrous metals; AEROSOL ® 
surface active agents; metallic stearates; acids and other heavy chemicals. 


AMERICAN CYANAMID COMPANY 


PROCESS CHEMICALS DEPARTMENT « 30 Rockefeller Plaza, New York 20,N.Y. 
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2006. Cold-Heading Wire 

Cold-heading and upsetting operations 
require specific qualities in wire to obtain 
optimum quality at minimum cost. Publi- 
cation B-33 gives the details. Anaconda 
American Brass Co. 


2007. “Tin News” 

The Malayan Tin Bureau offers free 
subscription to monthly bulletin covering 
tin supply, prices and new applications. 


2008. Aluminum Extrusions 

Aluminium Limited Sales, Inc., will 
provide you with a list of oy ex- 
truders who can give you fast service 
on your requirements for aluminum mill 
shapes. 


2009. Special Alloys 

H. K. Porter Co. has prepared booklet 
entitled “Alloys for Industry” discussing 
alloys such as phosphor bronze, nickel 
silver, cupronickel, brass, Monel and 
Inconel. 


2010. “More Zr Facts” 

Bi-monthly published by Carborundum 
Metals Co. presents physical, nuclear and 
mechanical properties as well as fabri- 
cation techniques for zirconium and its 
alloys. 


2011. Nickel Alloys 

International Nickel Co. has application 
data and engineering information on 
nickel, its alloys, and the various grades 
of stainless for unusual conditions of 
stress, fatigue, heat or cold, or corrosion. 


2012. Cobalt and Nickel-Base Alloys 


4-page data sheet lists physical and me- 
chanical properties, corrosion resistance, 
thermal treatments, fabricating data, 
available forms, and applications of 13 
alloys. Cobalt Information Center. 


xt Materials 


2014. Diffusion Coatings 
Folder from Haynes Stellite Co. dis- 


cusses diffusion coatings—hard, non- 
porous surfaces for metals and alloys 
which increase oxidation resistance at 
temperatures to 2300°F. 


2015. Refractory Materials 

Booklet from Norton Co. describes 
many refractory materials employed in 
applications such as_ protecting rocket 
engines, handling molten metals, or in 
chemical processing. 


2016. High-Temperature Ceramics 

Catalog contains information on space- 
age ceramic compositions such as alu- 
mina, magnesia, thoria, zirconia and oth- 
ers. Includes list of sizes and prices for 
crucibles and tubing as well as data on 
custom ceramic items. Laboratory Equip- 
ment Corp. 


2017. Tungsten and Molybdenum 

Sylvania Electric Products can now sup- 
ply tungsten or molybdenum ingots up to 
19 in. diameter and up to 4 ft. long; also 
forging billets, electrodes for arc casting, 
blanks for machining or machined blanks 
ready for your use. 


2018. Thermal Fatigue 
Electro-Alloys Div. will send you a re- 
ort entitled “The Mechanism of Thermal 
atigue”, by H. S. Avery. 


2019. Corrosion Data Charts 

The corrosive effects of 400 different 
materials on 16 different alloy systems— 
including Hastelloys, Monel, nickel, In- 
conel, aluminum, tantalum, titanium and 
zirconium—are shown in data chart pub- 
lished by Nooter Corp. 


“Abrasion Resistance of 
Refractories” 

8-page reprint presents, results of abra- 
sion tests on refractory brick and moro- 
liths. Harbison-Walker Refractories Co. 


2021. High-Temperature Alloys 

68-page loose-leaf booklet includes data 
on 23 high-temperature alloys produced 
by vacuum induction or consumable elec- 
trode methods. Carpenter Steel. 


2022. Bibliography on Superalloys 

Special Metals Inc. has apes a 24- 
page booklet entitled “Three Superalloys: 
a Selected Bibliography Relating to Udi- 
met 500, Udimet 700 and René 41”. 


2020. 


1985. Molybdenum Products 
57-page brochure issued by 
the Metallwerk Plansee A.G. of 
Austria, largest re- 
fractory metals producer, de- 
scribes the properties of molyb- 
denum metal, its availability 


MOLYBDENUM 


METALIWERK DLANIEE 


in mill supply forms and various 
fabricated shapes, and its pres- 
ent applications in industry. 
Included in the text is a section 
on how to machine and work 
the metal to finished form. 
Schwarzkopf Development Corp. 


2023. Inconel Alloy 

Technical Bulletin T-7 sets forth the 
details on Inconel, a nickel-chromium 
alloy with outstanding corrosion re- 
sistance and good high-and-low tempera- 
ture ave. Huntington Alloy Prod- 
ucts Div. 


2024. Space-Age Ceramics 

The Coors Porcelain Co. has released 
literature discussing the “Rokide Process” 
for producing oxide coatings on the sur- 
face of metals to withstand high-tem- 
perature environments. 


2025. Chromallizing 

This process diffuses one or more ele- 
ments into the surface of steels, super- 
alloys, or refractory metals to protect 
them from oxidation at high tempera- 
tures. Information from Chromalloy Corp. 


2026. Silicon Carbide 

Norton Co. has prepared pamphlet on 
“Crystolon 63” a low cost nitride-bonded 
silicon carbide refractory. 


2027. Corrosion-Resistant Steels 

60-page booklet entitled “The Role of 
Molybdenum and Copper in Corrosion 
Resistant Steels and Alloys”. Climax 
Molybdenum Co. 


2028. Refractory Metal Chart 

Offered by Fansteel Metallurgical Corp. 
Lists the properties of the refractory ele- 
ments tungsten, tantalum, molybdenum, 
and columbium. 


2029. High-Temperature Alloy 

16-page booklet discussses “Haynes 
Alloy 56”, a lower-cost, high-temperature 
alloy with good strength and oxidation 
resistance in the 1200 to 2000° F. range. 
Haynes Stellite Co. 


2030. 1800 to 2300° F. Service 
“Supertherm” is a 26% Cr, 35% Ni alloy 
stabilized with cobalt and tungsten. Ap- 
plication information and other details 
available from Electro-Alloys Div. 


2031. Zirconium Oxide 

Folder from Zirconium Corp. of Amer- 
ica presents the facts on “Zircoa” zircon- 
ium oxide refractory grains for high- 
temperature applications. 


2032.—Molecular Bonding 


The molecular bonding process is de- 
scribed in 12-page leaflet from Al-Fin 
Corp. Aluminum can be bonded to low- 
carbon, or alloy steel, Kovar, cast iron, 
molybdenum or stainless steel. 


2033. Tungsten and Molybdenum 

General Electric Co. has prepared bro- 
chure on properties and applications of 
tungsten and molybdenum. 


2034. Are Crystal Tungsten 

Linde Co. will send details on are crys- 
tal tungsten-—-ingot of crystal bar tung- 
sten melted in arc furnace—which pos- 
sesses unusual ductility and high degree 
of workability. 


2035. Inconel Alloy 


Alloy 718 is the strongest wrought alloy 
available for use in the temperature range 
800 to 1300° F. The alloy can be welded 
in the age hardened condition. Slow aging 
response provides easy fabrication. Hunt- 
— Alloy Products Div. will send de- 
tals. 


2036. Corrosion 


Pamphlet discusses 15-lesson course on 
corrosion available through A.S.M. Metals 
Engineering Institute. 


2038. Composite Powders 

Clad powders with metal and nonmetal 
cores open the way to new materials and 
technologies. Send for booklet “Metal 
and Composite Powders”, Sherritt Gordon 
Mines Ltd. 


2039. Electro-Hydraulic Forming 


Brochure prepared A General Dy- 
namics 2 explains e, efficient, com- 
pact, mobile “Hivopak” unit which op- 
erates indoors and provides the advan- 
tages of conventional explosive forming 
— none of the hazards and complica- 

ons. 
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FAHRITE ror HIGH TEMPERATURE APPLICATIONS 


Centrifugally cast tubes 

Trays for heat treating furnace 

Retort — several types 

Bends and fittings for radiant tube assembly 
Solution pot 


Ohio’s engineers will help you select the proper grade Fahrite. 


THE OHIO STEEL FOUNDRY CO. 


SPRINGFIELD, OHIO. Plants at Springfield and | Ohio 
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2040. Slide-Rule Calculator 

Latrobe Steel Co. will send you a slide 
rule price estimator and weight calculator 
for the company’s line of high-speed tool 
steels and die steels. 


2041. Tool Steel Guide 

Written by B. L. Averbach of M.LT., 
“Tool Steels’, a basic guide to the use of 
tool and die steels, has been published by 
Climax Molybdenum Co. 


2042. Tool Steel Identification 

The Gorham Tool Co. has published 
their eighth edition of a 26-page booklet 
covering classifications and symbols for 
identification of high-speed steels. 


2043. Solid Lubrication 


The theory and practice of solid lubri- 
cation is discussed in 8-page brochure 
published by Alpha-Molykote Corp. 


2044, Iron Powders 

Data Bulletin No. 3 from Alan Wood 
Steel Co. gives details on copper-carbon 
additives to iron powders. 


2045. Rubberized Abrasives 


These materials are used in delicate 
and sensitive deburring, smoothing, clean- 
ing and polishing applications. 22-page 
application manual from Cratex Mfg. Co. 


2046. Tungsten Steel 


For the severe requirements of cutting 
tools, whether in tungsten carbide or in 
high _—— steel, tungsten is indispens- 
able. oklet prepared by Molybdenum 
Corp. of America discusses successful ap- 
plications. 


2047. Colloidal Dispersions 
Increased film coverage enables Ache- 
son Colloids Co. to supply both quality as 
well as greater economy in colloidal dis- 
persion applications. Pamphlet available. 


2048. Industrial Band Saws 

Armstrong-Blum Mfg. Co. will send 
details on “Marvel” line of industrial 
band saws. 


Heating 


2050. Optical Pyrometers 

When control of high temperature is 
critical, rely on “Pyro-Eye”, an auto- 
matic two-color optical pyrometer. Bul- 
letin 613, Instrument Development Lab- 
oratories, Inc. 


2051. High-Temperature Furnace 

Literature describes laboratory furnace 
used in mechanical testing refractory 
metals at temperatures up to 4000° F. and 
at pressures less than 0.2 micron. Mar- 
shall Products Co. 


2052. Temperature Measurement 

Bulletin R-1034T discusses “Thermo- 
dot” unit for measuring and controlling 
temperature without contact. Unit sees 
small areas down to 0.080 in.; precision 
is 0.06%. Radiation Electronics Co. 


2053. Open-Coil Process 

Lee Wilson Engineering Co. has pre- 
pared a pamphlet on open-coil annealing 
which produces better drawing quality 
steel with uniform hardness throughout 
entire coil. 


2054. Continuous Annealing 
Furnace 

Bulletin B-81 from Drever Co. describes 
continuous annealing furnace which pro- 
vides complete exposure of the strip sur-_ 
face to heat and furnace atmosphere and 
yet guarantees an unmarked surface after 
processing. 
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2055. Fluidized Bed 


Alexander Saunders & Co. has released 
pamphlet discussing applications and op- 
erating details of “Saunders” fluidized- 
bed furnace. 


2056. Heat Treating Costs 

Pittsburgh Commercial Heat Treating 
Co. has released a booklet “The Cost of 
Heat Treating” which will assist com- 
panies now doing their own heat treating 
to establish the cost of this operation. 


2057. Heat Treating Chart 

Tempil Corp’s four-color chart, “Basic 
Guide to Ferrous Metallurgy”, illustrates 
forging, burning, annealing, transforma- 
tion, stress relieving, nitriding, blue brit- 
tle, normalizing, and carburizing ranges, 
as well as grain size changes vs. tempera- 
ture. 


2058. Box Furnaces 

Blue M Electric Co. will send literature 
discussing box-type furnaces for research 
and industrial use; temperature ranges 
to 2800° F. 


2059. Pyrometer Accessories 

A definitive book on thermocouples and 
pyrometer accessories is 56-page “Buy- 
ers’ Guide and Users’ Manual” prepared 
by Bristol Co. 


2060. Chromel-Alumel 


36-Page catalog-manual contains infor- 
mation on “Specification 3G-220” Chro- 
mel-Alumel wires as well as the complete 
family of Chromel-Alumel thermocouple, 
lead-wire and mechanical grade alloys. 
Hoskins Mfg. Co. 


2061. Industrial Furnaces 


The Electric Furnace Co. will send in- 
formation on industrial heat treating fur- 
naces built to your specific and indi- 
vidual requirements. 


2062. Radiant Tubes 


Wrought-cast radiant tubes give con- 
sistent long life. Additional information 
from General Alloys Co. 


2063. Atmosphere Box Furnace 

Bulletin 1096 explains “Model RB-45” 
atmosphere box furnace suitable for a 
wide range of heat treating applications 
at all heat levels up to 2000° F. where 
atmosphere is required. Lindberg Engi- 
neering Co. 


2064. Low-Temperature Cabinets 

Folder from Revco Inc. describes low- 
temperature cabinets, in capacities from 
1% to 6 cuft.. which provide tempera- 
tures to —140° F. 


2065. Reciprocating Hearth Furnace 

Rotary retort and reciprocating hearth 
furnaces are best for all small parts heat 
treating; capacities to 800 Ib. per hr. Cata- 
log from American Gas Furnace Co. 


2066. Furnace Retorts 


Pamphlet issued by Pressed Steel Co. 
tells about light-wall construction used in 
fabricating furnace tubes and retorts. 


2067. Refrigeration Units 

Data sheets and catalog explain “cas- 
cade” refrigeration systems for low tem- 
perature industrial applications. Harris 
Mfg. Co. 


2068. Thermocouples 

Catalog G100-4 sets forth the advan- 
tages of “MegopaK” small diameter, min- 
eral-insulated thermocouples. Minne- 
apolis-Honeywell. 


2069. “Heat Treat Review” 


Contains discussion of new develop- 
ments in high-temperature gas carburiz- 
ing, including heating curves, photo- 
micrographs of test samples, and illustra- 
tions of carburizing equipment (Vol. 11, 
No. 2). Surface Combustion Div. 
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2070. Induction Heating 

56-page catalog from Induction Heating 
Corp. presents yy line of induction 
heating equipment for hardening, brazing, 
soldering, forging, annealing, melting, 
sintering, welding, refining, shrink fit- 
ting, and crystal growing. 


2071. Continuous Annealing 
Surface Combustion Div. will send lit- 

erature on a continuous annealing fur- 

nace which has carburizing, carbonitrid- 

ing, skin recovery, annealing, and spher- 

oidizing capabilities. 

2072. Furnace Fans : 
Furnace fans from Stanwood Corp. are 


statically and dynamically balanced for 
longer service life. Literature available. 


2073. Homogenizing Furnaces 

Direct gas-fired homogenizing furnaces 
operating up to 1150° F. are used to pre- 
pare aluminum ingot for extrusion. o- 
duction is increased, extrusion tear marks 
are reduced. Bulletin 100HZ, Despatch 
Oven Co. 


2074. Tool Steel Furnace 
Data sheet FEC-1 describes “No-Muffie” 


furnace for treating high-speed steels; 
temperatures to 2350° F. C I. Hayes, Inc. 


2075. Quenching Information 

E. F. Houghton & Co. has prepared 70- 
page book which contains authoritative 
data on quenching materials and tech- 
niques. 


2076. Temperature Potentiometer 

Leeds & Northrup will send Data Sheet 
E-33 (5) which describes “Model 8695” 
temperature potentiometer, a rtable 
instrument with a selection of 15 different 
temperature ranges. 


2077. Salt Bath Furnaces 


Lindberg Engineering Co. has litera- 
ture describing complete line of Lind- 
berg-Upton t bath furnaces for hard- 
ening high-speed tool steels. 


2078. Temperature Indicators 

“Thermomelt” temperature indicators 
are the quick, precise way to determine 
temperatures; accurate to within 1%; 
measuring —. 113 to 2000° F. Details 
from Markal Co. 


2079. Industrial Thermocouples 


48-page catalog TC-16 illustrates com- 
plete line of “Ceramo” thermocouples to 
measure temperatures from — 
+4000° F. Thermo Electric Co. 


2080. Induction Heating Unit 


Induction heating equipment is the most 
practical and efficient source of heat for 
industrial applications. Catalog from 
Lepel High Frequency Laboratories. 


Finishing 


2082. Electroless Nickel Plating 
Enthone, Inc. has published a pamphlet 
on “Enplate Ni-410” chemical nickel plat- 
ing bath which deposits a uniformly thick, 
hard, corrosion-resistant nickel plate 
without the use of an electric current. 


2083. Conversion Coating 
The “Paintite” process cleans and phos- 
hates simultaneously. Folder discusses 
intite and ten other “Turcoat” phos- 
phating and conversion coating processes. 
Turco Products, Inc. 


2084. Cleaning and Phosphating 

Put a complete cleaning-phosphating 
department in pg plant at a fraction 
of the cost and space of standard sys- 
tems. Details on “Phosteem” system from 
Amchem Products, Inc. 


Huntington Alloys 


INCOLOY Alloy 800 —a low cost alloy that offers 
good strength along with good resistance to corro- 
sion and oxidation... even at elevated temperatures 


Ductile, austenitic alloy resists ‘‘sigma phase’ embrittlement in the critical 1100 to 1600°F 
range... resists carburization . . . resists distortion due to thermal stresses 


Because of its excellent corrosion 
and oxidation resistance, INCOLOY* 
alloy 800 is a highly dependable alloy 
for applications involving high tem- 
peratures under corrosive conditions 
such as in the heat treating industry 
—baskets, trays, muffles, radiant 
tubes, etc.; the chemical and petro- 
leum process industries—reformer 
and cracker tubes, flare tips; and the 
home appliance field as sheathing for 
electrical resistance heating elements. 


High Temperature Properties 


INCOLOY alloy 800 offers high tensile 
and fatigue strength, good impact 
strength and good corrosion resist- 
ance at high temperatures. Its rel- 
atively low coefficient of expansion 
combined with its high yield strength 
provide good resistance to thermal 
stresses. 


Oxidation Resistance 


The high nickel and chromium con- 
tents of INCOLOY alloy 800 impart 
high resistance to oxidation and scal- 
ing at high tempe s. This resist- 

oe aie peratures. This resist Like new after two hot years, the annealing hood at center was fabricated from 


ane is related to the tightly adherent INCOLOY alloy 800 sheet. Alloy 800 has many proved advantages in heat-treating 
oxide film that is formed which helps equipment—may be the answer to difficult metal problems in other fields. 


protect the surface from progressive 


eitiiahines RUPTURE STRENGTH OF INCOLOY Alloy 800 ExTRUDED TUBING 


STRESS (PS!) FOR RUPTURE IN 
Carburization Resistance TEMPERATURE 1000 HOURS 10.000 HOuRS** 100000 Hours** 


INCOLOY alloy 800 has excellent resist- LOG-LOG | PARAMETER PARAMETER | LOG-LOG | PARAMETER 
ance to the absorption of carbon. 
Consequently, the alloy is widely used 1 ._..... 
under carburizing conditions. 8000 7,400 5,000 +400 | 
For the complete story on INCOLOY 
alloy 800, w rite the Huntington Alloy | 
Products Division for a copy of new 1,700 | 1,700 1,200 780 | 
technical bulletin T-40, “Engineering 250) 1,225 860 580 
Properties of INCOLOY alloy 800.” 1,050 | 920 nlite ae Ta ae 
*Registered trademark ** EXTRAPOLATED 


The International Nickel Company, Inc. 

Huntington 17 AN West Virginia NICKEL-IRON-CHROMIUM ALLOYS 
® 
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2085. Chemical Milling 

Eastman Kodak Co. has released book- 
let, “Etching, Chemical Milling and Plat- 
ing With Metal-Etch Resist”. 


2086. Selective Plating 

Selectrons, Ltd. has released folder ex- 
plaining “Selectron” plating process and 
several new powerpacks for “table-top” 
electroplating operations. 


2087. Electrocleaner 

Pamphlet presents data on “Oakite 190” 
a reverse-current cleaner that removes 
oily soils, smut and rust bloom which 
normally require additional treatment. 
Oakite Products, Inc. 


2088. Zine Barrel Plating 

R. O. Hull and Co. will send informa- 
tion on “Rohco Econobrite”, a zinc bright- 
ener which features broader latitude of 
operating conditions at minimum cost. 


2089. Chromium Chemicals 

Solvay Process Div. will send 80-page 
bulletin “Chromium Chemicals” which 
discusses mutual chromic acid and the 
“Mutual” line of chromium chemicals. . . 
uses, properties and other technical data. 


2090. Blast Cleaning 

“Rotoblast” equipment provides com- 
plete automation in blast-cleaning oper- 
ations—cleans up to 45,000 castings per 
shift. Information from Pangborn Corp. 


Welding 


2092. Tungsten Carbide Powder 

Data sheet No. T-5 tells about “Col- 
monoy No. 75” tungsten carbide hard- 
surfacing “sprayweld” powder for pro- 
ducing wear-resistant welded overlays. 
Wall Colmonoy Corp. 


2093. Brazing Alloys Chart 

American Brazing Alloys Corp. has re- 
leased a comparison chart listing A.W'S., 
A.S.T.M. and manufacturer’s designa- 
tions for all important silver, copper and 
brass-base brazing alloys. 


2094. Welding and Brazing 

50-page catalog and instruction manual 
covers welding, brazing, soldering and 
fluxes. Properties uses and application 
data included. All-State Welding Alloys. 


2095. Welding Guide 

“Vest Pocket Guide to Better Welds”, 
80-page booklet published by Hobart 
Brothers Co., gives data on proper weld- 
ing procedures and techniques, causes and 
cures of welding troubles, welding sym- 
bols, electrodes, definitions, joints, wires 
and fluxes, and power sources. 


2096. Welding Symbols Chart 

If you are interestd in design, de- 
velopment, or where 
welding is used, a welding symbols chart 
prepared by Lenco, Inc., will be of value 
to you. 


2097. Silver Brazing 

Silver brazing is the precise tool for 
precision joining operations. Bulletin 20 
explains many “Easy-Flo” brazing appli- 
cations. Handy & Harman 


2098. Indium Solders 

“Indalloy” intermediate solders used in 
printed circuit work have good wetability, 
corrosion resistance, flowability and 
workability. Booklet from Indium Corp. 
of America 


2099. Plasma Spraying Process 

Brochure 101 explains the plasma _— - 
ing process and applications in high- 
temperature protection, fabrication of 
parts of “unworkable materials” and dep- 
osition of carbide hardfacing. Plasma 
Systems Corp. 
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2100. Stress Relieving of Welds 


32-page booklet answers many of the 
questions about why, when and what to 
pre-heat and stress relieve. Booklet EW- 
249 from Hobart Brothers Co. 


2101. TIG Welding Guide 

A new guide designed to assist welders 
in the proper use of tungsten electrodes 
has been published by Sylvania Electric 
Products. 


2102. Silver Brazing Alloys 

Select a brazing process tailored to your 
precise requirements from complete line 
of “Silvaloy” low-temperature silver 
brazing alloys and fluxes. Literature from 
American Platinum & Silver Div. 


Testing 


2104. X-Ray 

8-page folder entitled “Isolation of 
Selected Elements With an X-Ray Pro- 
jection Microseope” has been reprinted by 
Phillips Electronic Instruments. 


2105. Electrolytic Polisher 

The “Jena” electrolytic polisher is the 
only instrument in the world permitting 
constant observation of the etching proc- 
ess. Data from Ercona Corp. 


2106. X-Ray Unit 


The “Baltospot 150” industrial x-ray 
unit will penetrate 15% in. of stee! and 
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INTERPENETRATED 
WELDS? 


85% OF ALL CONSUMABLE 
ELECTRODE VACUUM 
MELTERS... 


USE OUR “KNOW HOW” FOR FABRICATION OF CRUCIBLES, 
FURNACES, FURNACE SECTIONS AND COMPONENTS 
WHETHER THEY BE FOR OUR FURNACES, THEIRS, OR OTHER 


MAKES. 


Full penetration, high vacuum welds 
plant tested —a standard procedure at 
Zak. 


ENGINEERING MANUFACTURERS FOR INDUSTRY 


AK MACHINE WORKS, INC. 


(GREEN ISLAND) NEW YORK 
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REORDERS: 


B&W Firebrick for 
electric furnace 
roofs and 
submarine ladles 


This production worker is removing 
B«W firebrick from a large dry press in 
Augusta, Ga. He is speeding along a 
reorder of B&W Kao 70 firebrick for an 
electric furnace roof. His next job will 
be handling B&W Kao-HB for a sub- 
marine ladle in a major steel plant. 

B&W Kao 70 are 70% alumina fire- 
brick with very low total impurities that 
insure long life. They also offer high 
resistance to thermal shock. B&W Kao 
70 can be profitably used in rotary 
hearths, malleable air furnace bottoms, 
non-ferrous metallurgical refining fur- 
naces including reverberatory and brass 
melting furnaces, lead softening and 
drossing furnaces. 

B&W Kao-HB high burned super duty 
firebrick offer an excellent balance of 
properties for superior service. These 
brick provide approximately 5% more 
alumina content and lower total impuri- 
ties than competitive brick. They have 
good resistance to spalling. BeW Kao- 
HB can be used in all areas of heating 
and reheat furnaces where operating 
conditions are severe. Another applica- 
tion is blast furnace stacks. 

For complete property sheets and ad- 
ditional information, write to .. . 
Department HM 
Refractories Division 
The Babcock & Wilcox Company 
161 East 42nd Street 
New York 16, New York 


Babcock & Wilcox 
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rom Westinghouse 


2107. Universal Tester 

Pamphlet RU-2-60 from Riehle Testing 
Machines Div. reviews the capabilities 
of a universal testing machine. Available 
with complete instrumentation for test- 
ing materials over a wide range of en- 
vironmental conditions. 


2129. Metallographic Camera 

The “Model L” camera takes the load 
off your busy metallograph. Catalog E-210 
from Bausch & Lomb. 


2130. Superficial Tester 

The “TwinTester” combines in one in- 
strument the functions of a Rockwell and 
a “superficial” hardness tester. Catalog 
RT-58 from Wilson Mechanical Instru- 
ment Div. 


2131. Testing Machines 

4-page Bulletin G-361 illustrates line 
of testing machines for Brinell hardness, 
ductility, tensile, compressive, transverse 
and strength; also hydrostatic and pneu- 
matic machines, proving rings, calibra- 
tion presses and special testing machines. 
Steel City Testing Machines 


2132. Research Activities 

30-page booklet covers General Mills 
extensive research activities in the physi- 
cal sciences — electron and surface phys- 
ics, ion and plasma physics, chemistry 
and materials, and electrohydrodynamics. 


2133. Specimen Mounting Material 

The Fulton Metallurgical Products 
Corp. has published a brochure describing 
“Quickmount”, a fast-setting, self-curing 
specimen mounting material that pro- 
duces clear mounts without application 
of heat or pressure. 


2134. Portable Brinell Testers 

The “King” portable hardness tester 
provides accuraey, portability and econ- 
omy. Brochure from King Tester Corp. 


2135. Listing of Test Machines 

Testing Machines, Inc. has prepared a 
20-page list of testing machines for all 
industries. A total of 461 testing machines 
is covered in 69 testing categories. 


2136. Metallurgical Microscope 
William J. Hacker & Co. will send leaf- 
let describing the extremely compact 
“Reichert Metatest”, a metallurgical 
microscope of great versatility. 


[7 Casting 


2138. Vacuum Slide Calculator 

F. J. Stokes Corp. will send free vacuum 
slide calculator as well as information on 
“Series H Microvac” pumps, the most 
advanced in their class. 


2152. Endothermic Generator 

The “Hyen” endothermic generator is 
a fully automatic process for producing 
low-cost protective atmospheres used in 
bright hardening, bright annealing or 
bright brazing of steel. Lindberg Engi- 
neering Co. 
2153. Aluminum Furnace 

Refractories 

8-page reprint describes developments 
of refractories for use in aluminum melt- 
ing furnaces. Harbison-Walker Refrac- 
tories 


2154. Casting Specifications 

The Steel Founder’s Society of America 
has released a revised edition of “Sum- 
mary of Steel Castings Specifications”. 


2155. Insulating Firebrick 

Catalog R-33 from Babcock & Wilcox 
Co. contains complete information on 
lightweight insulating firebrick. 


DECEMBER 1961 


2156. Hydrogen Sulfide Units 
_Girdler Corp. has prepared a publica- 
tion explaining units for the economical 
production of hydrogen sulfide gas at 
rates from 1 to 5 tons per day. 


Parts 


2158. Bearing Terminology 

24-page booklet “Bearing Parts and No- 
menclature of Standard and Precision 
Bearings” defines and illustrates bearing 
parts and terms. SKF Industries, Inc. 


2159. Hydraulic Tubing 

Bulletin 39 summarizes information on 
small-diameter hydraulic tubing for op- 
erating pressures up to 3000 psi. Superior 
Tube Co. 


2160. Wire Cloth 

120-page brochure illustrates wire cloths 
made with standard alloys as well as un- 
usual metals such as titanium, silver, 
Hasteloy C, platinum, lead, stainless stee! 
or bronze. Cambridge Wire Cloth Co. 


2161. Welded Steel Tubing 

Ohio Seamless Tube Div. has released 
a pamphlet describing welded steel tubing 
for mechanical and pressure applications. 


Circle appropriate number on Reply Card, p. 48-B 


HOW TO SAV 


P per year 


ONICALLY 


An experimental installation for removal of residual smudge from shot biasted strip 
by means of ultrasonics. A joint project of Pangborn Corp., Wean Engineering Co., Inc., 


and Branson instruments, Inc. 


The shotblast method of descaling strip is becoming more and more popu- 
lar, especially among the lower tonnage producers, converters and fabrica- 
tors. In this process, hot bands are descaled in a blast cabinet with abrasive 
shot.-Today ultrasonic cleaning is on the way to replacing flash pickling. 
This method, which eliminates stream pollution and acid disposal, offers 


many extras: 


e LOW INITIAL INVESTMENT (for tanks due to inexpensive steel construc- 
tion) e LOW MAINTENANCE COSTS ¢ LOW OPERATING COSTS (in terms of 
heat and power input) e REDUCED OPERATING TEMPERATURES « LITTLE 
OR NO CORROSION « NO FUME REMOVAL ¢ NO ACID DISPOSAL « SPACE 
SAVING (ultrasonic installations are shorter in length). 


Branson's highly experienced, factory trained specialists stand ready to 
assist you anywhere in the U. S. Tell us about your particular problem and 
Branson's enginering department shall try to find the best possible solution 


in the shortest possible time. 


SINCE 1946 — THE RESPECTED NAME IN ULTRASONICS 


RANSON INSTRUMENTS, INC. 


/ 


A/ 


Ultrasonic Power Division 
6 Brown House Road, Stamford, Conn. 
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...:zwhen once will do ? 


It's a simple matter to add up the savings heavy- 
weight wire coils can give you. How much time does 
it take you to shut down a machine and start a new 
coil through? Multiply that by the number of times 
you have to do it in an 8-hour shift. Then figure that 
as much as 90% of that lost time is sheer waste. 
Because you could be using AS&W heavyweight 
coils that contain up to ten times as much wire in 
onecontinuous length. Other savings: less handling, 
less storage space needed, even lower scrap loss. 
Heavyweight coils aren’t the only road to cost re- 
duction: American Steel and Wire offers a dozen 
different wire packages. One of them is designed just 
right for your operation. Let us look at your set-up 
and recommend the best package. . . a simple step 
to increased production. Cali our nearest sales office 
or write American Steel and Wire, Dept. 1499, 
Rockefeller Building, Cleveland 13, Ohio. 


Innovators in wire 


American Steel and Wire 
Division of 
United States Steel 
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First in our laboratories, NOW FROM THE FIELD 4 
excellent performance reports on thisnew 


Vanadium-Alloys high speed steel... 
VASCO 


Vasco HYPERCUT, tested widely 
throughout the country under designation 
B-1426, is now available for the general 
market. Because this remarkable new steel 
hardens to 70 Rockwell C, you'll find it 
easy to harden regularly to performance 
peaks of 68-69. Vasco HYPERCUT is 
recommended for machining superalloys 
and heat-treated steels. Available in tool 
bits, bars, forgings, drill rod, sheet, plate 
and circles. Details on request. 


Metal Producer 


Type of test-—-BREAKDOWN TEST TURNING iNCONEL 700 


Grade Length of Cut Too! Life 
T —CUTTING SLOTS IN SHAFTS HEAT-TREATED 
Second Test 
if bl h duct f carbide tools 
VASCO HYPERCUT 23° siiiieekes VASCO HYPERCUT doubled the production of carbide 


and triples the production of M-4 tools. 


A competitive 
high hardness 
high speed steel 154” 772 minutes 


Midwest Aircraft Manufacturer 


Type of test—LATHE TURNING ON INCONEL 901, V-57 TOOL METAL Cost 
and titanium metals SPEED LIFE REMOVAL per 


VASCO HYPERCUT operated a full lathe hour shift on two Grete Cubic Inch 


resharpenings as against four regrinds with super high VASCO HYPERCUT 22 60.0 13% $0.62 
speed steel. Brand S-1 22 27.0 6% .88 
Brand R-1 22 5.1 1 2.31 
VASCO HYPERCUT 35 13.0 4-8/10 0.77 . 
Brand S-2 35 3.7 1% 2.06 
Tool Manufacturer Brand R-2 35 94 4.81 
VASCO HYPERCUT 35-24 38 3% 0.75 
Brand S-3 35-24 1.84 1% 1.64 
T f test—END MILLS ON A SPECIAL 
Brand R-3 35-24 2.01 


CUTTING TEST SETUP 
VASCO HYPERCUT performed 80% better than Brand A high 
hardness high speed steel, 50% better than Brand B high 
hardness high speed steel and 200% better than M-34 
high speed steel. 


VANADJUM-ALLOYS STEEL COMPANY 


GENERAL OFFICES: LATROBE, PA, 

DIVISIONS: Anchor Stee! Co. « Colonial Stee! Co. Metal Forming Corporation Pittsburgh Too 
Wire Co. « Vara Steel Ca, 

SUBSIDIARIES: Steel Canada Limited + Vanadium-Alloys Steel Sacieia ene 
Pert Azioni EUROPEAN ASSOCIATES: SocieteCommentryenne Des Aciers Fins Vanadium-Afoys (Frence) 
= Wazionele Cogne Societe (italy) 
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OF THE METAL INDUSTRY : 
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= 
The ASM is the communications center for technical information : ot ” 
wherever metals are produced, processed, fabricated, designed, : 
tested and applied. Metal Progress, monthly engi ing mag : 
zine of the Society, reports on engineering developments in : 
these 11 major technological areas: : 
FERROUS METALS : 
uz 
NONFERROUS METALS : i 
O 
HEAT- AND CORROSION-RESISTANT AND : * O a Vv 
ELECTRICAL MATERIALS : =P uw = - 
a a 22 = 
TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT < 
53 INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES a 
U 
CLEANING AND FINISHING EQUIPMENT AND SUPPLIES > > 
= 
WELDING AND JOINING EQUIPMENT AND SUPPLIES bs 2 
D 
INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES $ 
PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES ° 2 5 — 
: 
PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS : 3 2 
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Monccular Metaliograph U-11....... $1195. 
Model MMA $287. Pe Polaroid Land Camera attachment.............-...$T1S. 


UNITRON’S Complete Laboratory Installation for High- 
Temperature Metallography with Metallograph and HVC-3 
Control and Power Station. 


Model DMR Depth-Measuring Rollscope for examination of 
large or cylindrical $ 


UNITRON’S Research Installation for High-Temperature 
Microscopy, Desk Model HM 


(Write for price and complete specifications) 


Stereoscopic Model 
MSL $ 


“Stereoscopic Model 
Turret-Type..$76. micrometer Micrometer 


MSHL with revolving Pillar Stand for Stereoscopic : 


Ke 10X......$25. Eyepiece. . $69.50 $11. 
TRON |S YOUR COMPLETE SOURCE FOR MICROSCOPES | IN IN 
to meet every metallurgical application . . . from low-power macro to high-power micro exami- in INSTRUMENT COMPANY + MICROSCOPE SALES Div. e 
nations, right on through to advanced research in high temperature studies of the new metals 66 NEEDHAM ST. » NEWTON HIGHLANDS 6). MASS 


in the space age. And when it’s time to balance your equipment budget against your needs, 
UNITRON prices will be among the best news of all. 


TRY AU/N/ TRON IN YOUR LAB ...FREE, FOR 10 DAYS sesame 


| want a FREE 10-day trial of 
(_] Send me your catalog No. 2-W 


A salesman’s demonstration gives you only about 30 minutes to examine a microscope... NAME DEPT. 
hardly the best conditions for a critical appraisal. But, UNITRON’S Free 10-Day Trial allows ae. 

you to use the microscope in your own lab and put it through its paces on your own particular 

problem. Use the coupon to ask for a no-obligation, prepaid trial. And if you want more details ADDRESS 

on these and other UNITRON Microscopes, use the coupon to request a complete catalog. Tit STATE 
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is your field, is your microscope 
Monocular Inverted Model 
| 
| Toolmakers and Metallurgical Microscope Model TM for 
HHS-3 Vacuum Long Working Dis- Gontometer 
Stereoscopic Model MSM with — Stage tor tence Objective Eyepiece 
turret changer........,$320. — } 1500° C.....$625. FFAOX ..... $149. trom $55. 


get boxe 


Keep your steel operations flexible by removing all 
uncertainties about oxygen supply with an Airco tonnage 
oxygen plant. A plant we build and operate for you — 
on or adjacent to: your site — gives you assurance of 
supply that only an experienced oxygen producer like 


Airco can guarantee. 
GUARANTEED BACK-UP. Your oxygen plant is backed 
up by Airco’s nationwide network of oxygen plants. 


oxygen supply problems... 


If the plant is down for any reason, Airco will keep 
your oxygen flowing from its integrated system. If you 
need more oxygen than originally anticipated, Airco 
will supply whatever quantities you require. And you 
won't be boxed in with a rigid purchase arrangement 
that can't be adjusted to steel production. 

PROVEN TECHNOLOGY. Making oxygen — like mak- 
ing steel — is a specialized business. Airco has 45 years’ 
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let Airco build and operate plant for you 


experience in low-temperature technology ... design, vided by Airco’s large resources and long experience. 
engineering and construction proficiency that has dotted For the full oxygen story, write, wire or phone today. 
the country with oxygen plants — including the first 

on-site oxygen plant for steel. There’s no first-plant — 

guesswork . . . late starts . . . long debugging periods 


that ruin your production schedules. 


® 
ASSURED LOW COST. Your oxygen is owilsble ost 


... ata firm, fair price that reflects the economies pro- i509 east 42nd STREET + NEW YORK 17, NEW YORK 
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NEW SLANTS ON HEAT PROCESSING FROM SELAS 


ere’s how the Steel Industry relies 


TUBING... is normalized and, if required, 
stretch-reduced in this Selas barrel-furnace 
line. After forming and welding, the tubing is 
conveyed through a 48-barrel normalizing line 
with exit temperature approximately 1650° F. 
Stretch-mill product proceeds through 12 
additional GRADIATION® furnaces which heat 
tubing to 1800°-1850° F. Entire process is auto- 
mated, with line speeds matching mill speeds. 


BLOOM REHEATING “on the fly,” at rates of 
198 tons per hour is accomplished in this continu- 
ous Selas barrel-furnace line. Reheating time of 
only 3 minutes reduces scale, amounting to a 
saving of 3 tons of steel per hour. Automated 
handling saved enough to pay for equipment in 
first 14 months! Occupying floor area only 63' 
x Il’, this continuous furnace assures uniform 
rolling temperature within each bloom and from 
piece to piece. 


SHORT-CYCLE HEATING of seamless tubing 
for oil-country application is a typical cost-saving 
operation for Selas barrel-furnace lines. This 
overall view shows hardening (left) and tempering 
(right) lines, with automatic transfer between 
these treatments. Eight barrels per line. Advan- 
tages include: uniform properties throughout, 
negligible scale, reduced floor space requirements, 
and high degree of controllability. 


METAL PROGRESS 


4 


on Selas 
harrel-furnace lines 


The installations on these pages graphically demonstrate 
how the steel industry relies on Selas barrel-furnaces to 


@ cut operating costs 

@ increase production rates 

@ reduce handling and labor requirements 
@ save valuable floor space 

@ improve product quality 


Specifically designed and custom-built to meet individual 
production requirements and job specifications, Selas 
barrel-furnace lines employ time-proven standardized 
engineering features for long-time operating depend- 
ability and minimum initial investment. Acceptance? 
446 Selas barrel-furnaces are at work in 49 separate 
heat treating lines for a variety of continuous applica- 
tions including annealing stainless bars and tubing, 
heating billets for piercing, reheating pierced tubes 
for sizing, hardening and tempering oil country alloy 
and carbon tubing, etc. What’s more, 96 additional units 
are now in various stages of construction. 

At your convenience . . . without cost or obligation 
to you... a Selas field engineer would welcome the 
opportunity to survey your needs. For this personal 
service contact our Furnace Steel Mill Division, Dresher. 


SELAS CORPORATION OF AMERICA 
312 Dreshertown Road, Dresher, Pa. 


EUROPEAN SUBSIDIARY: Selas Corporation of America, European Div., 
S.A., Pregny, Geneva, Switzerland. INTERNATIONAL AFFILIATES: AUS- 
TRALIA—Major Furnace and Combustion Engineers Pty, Ltd., Melbourne; 
FRANCE—Societe Exploitation de Produits Industriels, Paris; JAPAN—lInter- 
national Machine Co., Ltd., Tokyo. 


GRADIATION and DURADIANT are registered trademarks of Selas Corporation of America. 


HEAT AND FLUID PROCESSING ENGINEERS 
DEVELOPMENT / DESIGN / CONSTRUCTION 


STAINLESS STEEL bars up to 5%" cross-section and 
lengths to 30’ are continuously annealed, and other 
grades normalized in this compact line of barrel-type 
furnaces. DURADIANT® burners heat uniformly at high 
thermal gradient without flame impingement on the 
work, resulting in minimum oxide formation, Annular 
ring water-spray quench cools work quickly and uniformly 
for maximum straightness in the annealed product. 
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NAME IN 
METALLOGRAPHIC 
POLISHERS 


VARIABLE SPEED—100-1200 r.p.m. 
QUIET OPERATION 

VIBRATION FREE 

EASY CONTROL 

HIGH TORQUE—'2 h.p. 

AVAILABLE IN 1, 2 or 3 UNIT TABLES 
INTERCHANGEABLE BALANCED WHEELS 
VITREOUS FINISHED, 

EASY TO CLEAN BOWL 


With infinitely variable speed over a wide range it is 
possible for the operator to select the exact speed 
desired for the particular sample at hand. The complete 
speed range is controlled by turning a knob. No crank- 
ing is required to change speed, no belts, pulleys or 
mechanical clutches are used, eliminating the source 
of most vibration present in-other variable speed polish- 
ers. The electronic, control is accomplished through the 
use of only one vacuum tube and the complete elec- 
tronic circuit is mounted on a 4” x 4” panel easily 
accessible on the outside of:the motor. 


The 1851 Polimet series is furnished in the Buehler 
steel polishing tables, finished in silver gray hammer- 
tone, The top and edges of the table are black formica. 
One, two, or three unit tables are available. 


1851-3 


ucblar Ltd. 
METALLURGICAL .-y 
APPARATUS 
2120 GREENWOOD 
EVANSTON, ILLINOIS, U.S.A. 
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Model !V-20 equipped with direct stress fixture and Model P-10 Program, Controller. 


Included among the major products in the recent acqui- ! 
sition by the WIEDEMANN MACHINE COMPANY of the test- 
ing machine business from Baldwin-Lima-Hamilton are the 
complete lines of the well-known, time-proven fatigue ma- 
chines of the Model SF (Sonntag) and Model IV types. All 
existing standard models of testing machines and accessory 
fixtures are now offered by WIEDEMANN. 

These versatile testing machines are designed for the 
testing of materials, machine elements, and structural com- 
ponents in tension, compression, bending, torsion, or com- 
bined stresses. They may be used for completely or partially 
reverse loads or for uni-directional pulsating loads and, within 
the capacity of the machine, any alternating force may be 
superimposed over any desired pre-load. They differ basically 
from the crank-type of fatigue testing machines in that they 
produce a repeated constant load instead of a repeated con- 
stant deflection. 

Through the use of fixtures almost any type of stress 
may be obtained to simulate service conditions. In fact, the 
usefulness of the WIEDEMANN BALDWIN UNIVERSAL fatigue 
machines for simulated service test is limited only by the 
user's ingenuity in designing proper fixtures. 

Write today for full details. 


DWIN. 


WIEDEMANN MACHINE COMPANY 
GULPH ROAD KING OF PRUSSIA, PENNSYLVANIA 


Sales Offices: Mount Vernon, N. Y.; Pittsburgh; Chicago; San Francisco; in Canada: Peacock Bros., Montreal. 
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Model SF-10-U equipped with fixture for torsion testing. 


1. In Three Drawing Stations 


The part shown in illustration one was made from 
59 - .74% carbon steel in three drawing stations. From 
.70 - .80% carbon, this piece should have four or five 
drawing stations. The piece could be made from 
.90 - 1.05% carbon, but would require seven drawing 
stations with fully annealed steel. 


2. Blanked on 45° Angle 


The stamping shown in the second illustration was 
made from .70—-.80% carbon spring steel. It was 
blanked and pierced on a 45° angle, with small holes 
pierced to prevent fracture in later forming and bending. 
It was then given severe secondary forming. The small 
tab shows “orange peel” and probable fracture would 
occur if the part were formed from .90 - 1.05% carbon. 


satisfactory performance. Among the 
cold-rolled specialty steels is the right 


How they’re using 
Wallace Barnes Cold-rolled Specialty Steels 


These examples show how proper steel selection may save operations and insure 


Wallace Barnes Steel Division 
Bristol, Connecticut 
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3. All Flanging One Operation 


Our third part is a gun stamping made from .70 - 
80% carbon with a sharp bend with the grain in one 
stroke of the press. Higher carbon will fracture due to 
its less ductile qualities. 


4. Thirteen Steps Progressive 


The fastener shown in the fourth illustration was 
made from the .59 - .74% carbon steel, the only spring 
steel which would take the bends and draws to which 
it is subjected here. All the higher carbon steels were 
rejected because they failed under the cold-work neces- 
sary to produce the two small extrusions. It took seven 
reductions to bring these extrusions within tolerance. 
There were thirteen steps total in the progressive die. 


many sizes and types of Wallace Barnes 
one for your application. 
Send for brochure illustrating various 


types of products made from Wallace 
Barnes Specialty Steels. 


Associated Spring 
Corporation 
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Ideas in 
metallurgy 
from Norton 


Metals are born in refractories. 
And most new ideas in metallurgy 
call for a new idea in refractory science 
. . . because a metal can be only as 
good as the refractory which contains 
it. Norton makes the finest. 

The crucible of the reduction 
bomb, where uranium and plutonium 
burst into being, is a Norton product, 
pure magnesium oxide. 

Another Norton material, fused 
stabilized zirconia, makes possible 
electric furnacing for processing tung- 
sten and molybdenum, at tempera- 
tures up to 2200°C. Zirconia also lines 
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huge pebble heaters and air furnaces 
in which metals for missiles are tested. 

More super-alloys for missiles, sub- 
marines and space vehicles are possi- 
ble through new vacuum melting 
techniques with high purity fused 
magnesia made by Norton. And in the 
aluminum industry, new efficiencies 
are being achieved with reduction cell 
linings of silicon carbide and cathode 
bars of titanium diboride. 

In metallurgy as in other fields, 
Norton is crystallizing ideas into 
products to solve many problems... 
through oxide fusion and in probing 
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experiments in carbides, nitrides and 
borides. Norton is ready to work with 
you in engineering materials to meet 
your needs. Write NORTON COMPANY, 
Refractories Division, 331 New Bond 
St., Worcester, Mass. 


REFRACTORIES 
Crystallizing ideas 
into products 
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REPUBLIC 17-7 PH* and PH 15-7 Mo* 


These grades possess the cold formability 
of austenitic stainless grades... the harden- 
ability of martensitic grades. High strength 
levels and good creep resistance are main- 
tained at temperatures to over 700°F. and 
900°F. respectively. Typical applications: 
aircraft and advanced missile structural 
parts, bellows, hose clamps, leaf springs 
and spring clips, pressure tanks, surgical 
instruments, antennae. 
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STAINLESS STEELS 


BECAUSE THEY OFFER GREATER VERSATILITY, 
precipitation hardenable stainless steels broaden the already 
wide field of stainless steel applicability . . . Republic PH 
Stainless Steels available in the standard mill products effec- 
tively reduce fabricating costs. Higher developed strengths 


—which remain high at elevated temperatures—are coupled 


with the formability and corrosion-resistance of other stainless 
grades. Mail coupon for data. 


REPUBLIC 17-4 PH* REPUBLIC A-286 


Simple heat treatment after fabrication de- In addition to excellent corrosion-resistance, 
velops high strength levels without excessive this grade is designed to afford elevated 
distortion or scaling. Unlike most martensitic temperature creep and stress rupture strength 
chromium types, Republic 17-4 PH* is welded to over 1200°F. Because it is used on critical 
without preheating or post annealing, thus applications, majority of tonnage produced is 
resulting in lower fabricating costs. Typical processed from ingots that have been vacuum 
applications: bearings, bolts, shafts, aircraft melted by Republic's consumable electrode 
fittings, gears, splines, mandrels, pins, seats, process. Typical applications: jet engine and 
and valves. gas turbine components such as wheels, blades, 
frames, housings, afterburners, tail cone parts, 
and fasteners. 


* Licensed under Pat. Nos. 2482096, 2505763 and Trade Mark of Licensor. 


Cleveland 1, Ohio 
Where Steels are Made to Meet the Challenge of Acceleration 


REPUBLIC STEEL CORPORATION 

DEPT. MP-1262 

1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 
Please send more information on: 

O Republic 17-7 PH and PH 15-7 Mo 

O Republic 17-4 PH © Republic A-286 


Name Title 


Strong, Modern, Dependable 
Company 


Address. 


City State. 
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Photomicrograph of properly 
hardened carbon steel. Note the 
small t of retained Aus- 
tenite (white). Texaco quenching 
oils consistently give outstand- 
ing results like this. 


Texaco quenching oils assure 
uniform hardening...improved grain structure 


Texaco quenching oils give consistently outstanding 
results because Texaco offers a specific oil for every 
quenching application. QUENCHTEX 500, a straight 
mineral oil, is made for conventional quenching. 
QUENCHTEX 510 and 520, both additive-type oils, 
are made for medium and high-speed quenching. 
MARQUENCH is for hot quenching. 


Compatability with other oils means you can use 
QUENCHTEX regardless of the oil now in your tanks. 
Economical to use. Texaco quenching oils provide excep- 
tional stability at recommended temperatures and high 
resistance to oxidation. Because of their long service life, 
Texaco quenching oils actually can save you money. 

A Texaco Metalworking Engineer will be glad to eval- 
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uate your system and take necessary steps to recommend 
the proper Quenchtex for make up. 

You'll also find much helpful information on quench- 
ing in our new booklet “Fundamentals of Quenching and 
Hardening.” Contact the nearest of the more than 2,300 
plants distributing Texaco Products, or write Texaco Inc., 
135 East 42nd Street, New York 17, N. Y. Dept. MT-121. 


Tune In: Huntley-Brinkley Report, Monday Through Friday—NBC-TV 


TEXACO 


TEXACO 


Throughout the United States 
Canada + Latin America « West Africa 
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Line cupolas, gun, with 
monolithic refract 


CHARGING 
DOOR 


CHARGING AREA 


Figures below compiled from job reports by lilinois Clay Products Co., Joliet, Il!., manufacturer of castables and other refractories for foundry use. 


Foundries that use castables made with LUMNITE calcium-alumi- 
nate cement to line cupolas have cut installation time 75%, reduced 
refractory costs 43%, and increased lining life 78%. 

Gun-applied castables in the charging zone and upper stack of 
cupolas form a strong, joint-free lining that offers greater resistance 
to erosion. The concrete lining may be gunned to any thickness, 
actually helps reinforce the shell, reaches full strength in 24 hours. 
Castables for cupola linings are available from leading manufac- 
turers of refractories. For details on the use of LUMNITE cement, 
write Universal Atlas, 100 Park Avenue, New York 17, N. Y. 
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Universal Atlas Cement 
Division of 
United States Steel 


**USS’’ AND “"LUMNITE’’ ARE REGISTERED TRADEMARKS. a-206 


OFFICES: Albany * Birmingham * Boston * Chicago * Dayton * 
Kansas City * Milwaukee * Minneapolis * New York * Philadelphia * 
Pittsburgh * St. Louis * Waco 
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Fights Flux Attack to Cut Brazing Costs 


Because of the severe destructive effects of flux used in aluminum 
and copper brazing processes, proper alloy selection and quality 
construction are the only answers to long belt life in this type of 
operation. Cambridge Cambriloy 35-19 Metal-Mesh Belts have 
successfully withstood flux attack in many copper brazing in- 
stallations for as long as 6000 hours, giving users continued 
production of quality parts while cutting operating and mainten- 
ance costs. 


There is a complete line of Cambridge Belts in special and 
standard metals and alloys to meet your specific requirements— 
custom built in any weave to insure the most efficient processing. 


Experienced Cambridge Field Engineers—experts in their field— 
are available to discuss your needs and help you select the best 
belt suited to your operations. Or, they can offer you sound 
advice on the installation, operation and maintenance of your 
Cambridge Belts. Talk to your Cambridge man soon. He’s listed 
in the Yellow Pages under “Belting, Mechanical.” Or, write for 
free 130-page reference manual. 


The Cambridge Wire Cloth Co. 


DEPARTMENT B @ CAMBRIDGE 12, MARYLAND 


Manufacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts, 
Wire Cloth, Wire Cloth Fabrications, Gripper® Metal-Mesh Slings 
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What it is... 
What it does... 
What it can do 


Pyrolytic Graphite—now com- 

mercially available—is a poly- 

crystalline form of carbon produced 
by gas deposition. It exhibits a metallic behavior 
(high conductivity) in the planes of deposition, 
and a ceramic behavior (low conductivity) 
across the planes. 

Some of its unique properties include: high 
strength at high temperatures up to 5000°F.; 
impermeability to gases and liquids; excellent 
thermal and electrical conductivity parallel to 
the plane with insulating characteristics across 


it; is very lightweight. 


Produced as a coating on commercial graphite, 
it can also be built up to sufficient thickness for 
use as free-standing parts. Pyrolytic Graphite 
is well suited for many space, missile and elec- 


Graphite 


Note structural differences between ordinary graphite (bottom) ond Pyrolytic 
Graphite (top). Ordinary graphite has crystals arranged at random with high 
porosity; pyrolytic crystals have high degree of orientation with no porosity. 


tronic applications, including leading edges, 
rocket nozzles, and coatings for nose cones. 

For additional information, write: Specialty 
Alloys Section, Metallurgical Products Depart- 
ment of General Electric Company, 11113 
E. 8 Mile Street, Detroit 32, Michigan. 


METALLURGICAL PRODUCTS DEPARTMENT 


GENERAL ELECTRIC 


CARBOLOY® CEMENTED CARBIDES « MAN-MADE DIAMOND e MAGNETIC MATERIALS © THERMISTORS ¢ THYRITE® * VACUUM-MELTED ALLOYS 


DECEMBER 1961 


Circle 2173 on Page 48-B 


63 


< 
ve 
y 
| 


METALOG/CS 


64 


PLUS VALUES 


from Ryerson 


Nearly forty years ago, Elkay 
Manufacturing Company built 
its first stainless steel sink. 
Then—as now—they relied on 
Ryerson for the finest quality 
material and service. 


Through the years, Ryerson 
has also contributed important 
value analysis aid—helping 
Elkay maintain national prom- 
inence in the manufacture of 
stainless steel sinks for home 
and commercial use. 


These same plus values on 
stainless steel can help you 
solve problems of selection and 
application ...assure you the 
utmost in day-in, day-out de- 
pendable service. Get all the 
details from your Ryerson Rep- 
resentative. 


RYERSON 


JOSEPH T. RYERSON & SON, INC, MEMBER OF THE g: STEEL FAMILY 


IN STEEL «+ ALUMINUM « PLASTICS + MACHINERY 
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GUEST 
CRITICAL 
POINT 


Consultant 
Cleveland 


H. W. McQuaid 


December 1961 


Is 1700° F. the Only Temperature 
for Grain Size Control? 


Tx METALLURGICAL LABORATORIES through- 
out the country, technicians pack steel speci- 
mens in carburizing boxes and heat them for 
8 hr. at 1700° F. When these specimens are 
polished, etched and examined with a micro- 
scope, the grains outlined by Fe,C in the case 
indicate whether the steel is “fine-grained” or 
“coarse-grained”. To me, this procedure seems 
somewhat futile. After all, most of these steels, 
particularly the medium-carbon grades which 
are heat treated, will be austenitized at 1€00' 
F., a temperature at which virtually all steels 
are fine-grained even though they may or may 
not be coarse-grained at 1700°F. Unless the 
steels are to be carburized, it would appear to 
be useless to specify this particular testing tem- 
perature. In fact, perhaps present grain-size 
specifications merit a critical appraisal, and 
some modification, as well. However, let us 
first see how it all began. 


From Then Until Now 


Actually, 1700° F. was selected as the testing 
temperature because we were working with the 
case-hardening grades, and that temperature 
permitted carburization. Further, it enabled 
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heat treaters to eliminate heating at two tem- 
peratures, one to “refine the core’, the other to 
“refine” the case. 

With fine-grained carburizing steels, espe- 
cially the alloy grades, engineers soon noticed 
that improved fractures ard better dimensional 
control were obtained in heat treated parts 
which had been quenched only once after car- 
burizing. As for specific treatments, parts were 
either quenched directly from the carburizing 
furnace, or were air cooled, reheated to a tem- 
perature which did not coarsen the case or 
core, and quenched. 

As 1700° F. became accepted as the testing 
temperature for grain-size control, metallurgists 
observed that it was high enough to austenitize 
practically all alloy and carbon steel parts in 
practice. Thus, it freed the steelmaker and the 
heat treater from any worry as to the grain 
coarsening in practice. As a consequence, after 
these specifications for rating the grain size of 
carburizing grades had been accepted by large 
users of alloy steels, they were adopted for all 
alloy grades, and now are almost universally 
applied. 

It would appear that the grain-size specifica- 
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tion unnecessarily limits most heat treating 
grades. Since these restrictions also introduce 
serious drawbacks in steelmaking practices, it 
is my recommendation that very serious thought 
be given to changing the grain-size control tem- 
peratures to suit the particular steel composi- 
tion and the final application for which it has 
been ordered. In other words, if the steel is to 
be austenitized at 1600 or 1550° F. for quench- 
ing and tempering, the grain-size control tem- 
perature should be associated with either of 
these temperatures rather than be arbitrarily 
fixed at 1700°F. In my opinion if this sug- 
gested technique is properly worked out, highe r 
“shipped yields” would result, and hot-rolled 
surfaces would have fewer surface defects and 
require less conditioning. 

This could be done because aluminum, the 
agent usually added to control grain size in 
steel, could be limited to a definite minimum 
value. Aluminum directly affects sulfide types 
in that the critical amount needed to control 
grain size also results in grain-boundary sul- 
fides which cause hot shortness during rolling. 
Since it is also a strong deoxidizer, aluminum 
combines with oxygen to form inclusions of 
Al.O;; these adversely affect transverse physi- 
cal properties, tool life, bloom and billet surface 
and shipped yield. 

In making 1600°F. the grain-size control 
temperature, the problem will be to keep the 
grain-coarsening range close to 1600° F. To do 
this, it becomes necessary to cut back the alu- 
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Harry W. McQuaid (Left) 
and Erik W. Ehn, Co-Origi- 
nators of the Grain Size 
Test Which Bears Their 
Names, Inspecting One of 
the Byproducts of It, the 
A.S.T.M. Grain-Size Chart 


minum limit, perhaps increasing silicon, and 
using calcium-silicon, or some other deoxidizer. 

At any rate, the chief objective is to reduce the 
total aluminum addition to as close to zero as 
possible at tap time, and still have grain 
coarsening start just above 1600°F. In other 
words, the aim is to use the minimum amount of 
control reagents needed to meet the required 
coarsening temperature. 


Improvement To Be Expected 


If this program is worked out carefully, the 
steel industry should end up with a definite im- 
provement in melting practices, and condition- 
ing and inspection economics. Also the steel 
user (who has to machine and heat treat the 
material) should find the steel simpler and less 
expensive to handle. There would be, I feel, 
an immediate improvement in pouring practice, 
bloom and billet conditioning, with less loss in 
handling time, lower costs, and a definite in- 
crease in yield. When machining such mate- 
rial, the customer would notice improved sur- 
face finish, better tool life, and increased output 
from his production lines. 

In my opinion, this project is important 
enough for the steel industry and the steel 
buyer to get together and set up an industry- 
wide research program to insure its proper 
completion. Though it undoubtedly involves 
many more problems than might appear from 
any brief study, it would be well worth the 
effort, the time, and the money spent on it. @ 
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Progress in 
High-Temperature 
Materials 


René 41 Corrugated Substructure Is Being Welded to a Flat Skin 
Panel for Testing Under Conditions Imposed Upon Re-Entry Vehicles 


How to Make Reliable 
Seam and Spot Welds in René 41 


By B. M. WAHLIN 
and D. R. COLES* 


High-quality seam and spot welds in René 41 can be made consistently 
if precautions based on the metallurgical behavior of the alloy 

are taken into account. Mill-annealed sheet with fine grain structure 
and randomly dispersed carbides is preferred. Postweld cooling rate 
and initiation and magnitude of the forging force 

must be precisely controlled to avoid cracks. (K3; Ni-b, SGA-h) 


Inxcreasinc DEMAND for welded structures 
capable of maintaining high strength and _ re- 
sistance to oxidation at high temperatures has 
created wide interest in René 41 and other 
superalloys. René 41 is a vacuum-melted, 
nickel-base alloy whose nominal composition 
includes 19 Cr, 11 Co, 10 Mo, 3.1 Ti, 1.5 Al, 
0.1 C and small amounts of silicon, manganese, 
iron, sulfur and boron. Its characteristic high 
strength at elevated temperatures is developed 
by the precipitation of a gamma-prime phase, 
Ni;(Al, Ti), during heat treatment. 

René 41 can be seam and spot welded without 
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major difficulty. However, consistent repro- 
duction of high-quality structural welds from 
pre-established schedules has been difficult. 
Solutions to this problem led to welding equip- 
ment and techniques unlike those required for 
joining other materials. These are required 
because of certain fundamental properties of 
the alloy. 

René 41 has low thermal conductivity and 
high electrical resistivity compared to stainless 
steel, aluminum alloys and most nickel-base 

*Research Engineers, Mfg. Development Sec- 
tion, Aero-Space Div., Boeing Co., Seattle, Wash. 
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alloys. Under these conditions, high-amplitude 
welding current causes an extremely rapid heat 
buildup at the weld joint interface. The metal 
at the interface may pass through its narrow 
melting range (the liquidus and solidus tem- 
peratures are only 50 to 100” F. apart) so rapidly 
that the spot weld machine pressure system has 
insufficient time to maintain the required elec- 
trode force. The delayed force application 
expels molten metal into the interface surround- 
ing the nugget —a condition which is not ac- 
ceptable. This condition is illustrated in Fig. 1. 

On the other hand, current applied at an 
amplitude low enough to prevent this expulsion 
and with a duration sufficient to permit proper 
nugget growth along the interface results in 
a thermal equilibrium condition which signifi- 
cantly limits nugget penetration. In. addition 
to marginal nugget penetration, “macrosegrega- 
tion”, another undesirable metallurgical phe- 
nomenon, can result from insufficient current 
amplitude. This condition can be characterized 
by distinct bands or areas of heterogeneous 
material within the cast structure of the weld 


Fig. 1 — Macrograph Shows 
That Hot Molten Weld 
Metal Was Squeezed Out 
of the Nugget. This 
defect occurs if weld- 
ing current is too high. 
Etchant: 92% HCl, 5% 
H.SO,, 3% HNO,; 50 x 


nugget. An illustration of macrosegregation is 
shown in Fig. 2. 

To establish welding schedules insuring nug- 
get penetration well within the acceptable 
range, we had to devise a method for using 
increased weld current amplitude without mol- 
ten metal expulsion. The problem was solved 
by preceding a high-amplitude, short-duration 
weld current with a lower-amplitude (normally 
50% of the weld current) “preheat” current. 
The preheat amplitude is just sufficient to create 
a surface bond at the joint interface. This bond 
permits more rapid heat buildup due to high- 
amplitude welding current, and consequently 
greater penetration without expulsion of molten 
weld metal into the joint interface. It is im- 
portant that alternate heating and cooling of 
the growing weld nugget be minimized. 


Properties Affect Weldability 


Phases other than the gamma prime, includ- 
ing the carbides MgC and Mo23C¢, have an im- 
portant influence on the physical properties of 
resistance welded René 41. (See “How to 


Fig. 2— Insufficient Heat 
During Welding Not Only 
Causes Insufficient Nug- 
get Growth in René 41, 
But Also Leads to Macro- 
segregation as Shown Here. 
Etchant: 92% HCl, 5% 
H.SO,, 3% HNO,; 50 x 
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Fig. 3— Recommended Duration of Uninter- 
rupted Single-Polarity Current (Weld Time) for 
René 41 Spot Welds. Preheat time and forg- 
ing time are equal, in duration, to weld time 


Fabricate René 41”, by Louis A. Weisenberg 
and Robert J. Morris, Metal Progress, November 
1960, p. 70.) The mill form of René 41 exhibits 
a fine grain structure with M¢C carbides ran- 
domly dispersed. Above about 2000’ F. this 
carbide goes into solution. On subsequent cool- 
ing through the 1400 to 1550° F. range, a far 
more undesirable carbide, M23Cg¢, precipitates 
in a continuous weakening network along 
boundaries of enlarged grains. The accumula- 
tion of MosC¢ increases in proportion to time 
and frequency at 1400 to 1550° F. 

For this reason, repeated heating and cooling 
through the critical temperature range, charac- 
teristic of multiple impulse spot welding, re- 
sults in a considerable accumulation of the 
Mz3C, carbide. It is possible to alleviate this 
condition by solution treating at 1950° F. after 
spot welding and prior to aging. However, 
this is not always practical for large assemblies 
because of distortion and furnace size limita- 
tions. Consequently, in order to minimize time 
and frequency in the critical M2;C, carbide 
precipitation range, we found it desirable to 
use uninterrupted single-polarity current for 
welding (“weld time”) and for preheat. One 
polarity reversal between preheat and weld 
time is unavoidable due to equipment limita- 
tions. Typical weld time requirements for 
equal two and three thickness pileups are given 
in Fig. 3, as a function of material thickness. 
The equipment requires a preheat of equal 
duration. 


Controlling the Forging Force 
In the mill-annealed condition, René 41 has 


a tendency to crack at elevated temperatures 
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(hot cracking). To offset this tendency and to 
increase grain refinement, a postweld compres- 
sion (forging force) is required. Best results 
have been obtained using a forging force two 
to three times the force required for preheat 
and welding. This relationship is shown as a 
function of material thickness in Fig. 4. Be- 
cause René 41 retains much of its high mechani- 
cal strength at elevated temperatures, this 
welding and forging electrode force require- 
ment is nearly double that needed for resistance 
welding comparable thicknesses of aluminum. 

The current amplitude for postweld forging 
is that required to raise the weld nugget up 
to recommended forging temperature (1800° 
F.). Since there is no way to measure this tem- 
perature during welding, the forging current 
amplitude must be established by trial and 
error. Nuggets made using progressively higher 
forging current amplitude settings are sectioned 
and examined. Insufficient current normally 
fails to remove cracks; excessive current results 
in remelting and extrusion of molten metal into 
the interface surrounding the weld nugget. 

This current amplitude depends directly on 
the amount the nugget is permitted to cool 
after welding time, and, therefore, on the time 
delay at polarity reversal. Acceptable spot 
welds have been made using time delays 
(quench time) of from three to 20 cycles of 
time; however, we found a delay of three to 
six cycles to be optimum. The dvration of the 
Postweld current is limited by the equipment 


Fig. 4 — Recommended Electrode Force for Preheat, 
Welding and Postweld Forging René 41 Spot Welds. 
Proper relation between the forces will minimize 
cracking at temperatures reached during welding 
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to exactly that required for weld time. 

In order to obtain the precise relationships 
between preheat, welding, and forging current 
application, accurate timing is essential. Sys- 
tems using resistance-capacitance (RC) type ac- 
tuating circuits are not the most desirable. 
They exhibit large mechanical timing delays 
which are subject to considerable variation 
resulting from heatup of equipment. On the 
other hand, equipment having digital control 
of timing circuits which are not subject to me- 
chanical variations has been used successfully. 

However, inertia and frictional instabilities 
in the pneumatic activating system and pressure 
head still result in minor delays of one to two 
cycles of time. Consequently, forging force 
must be initiated one to two cycles before its 
full amplitude is required with respect to post- 
weld current application. This is accomplished 
by a preset timing circuit which counts out the 
“forge delay” from the initiation of weld time. 

Another occasional characteristic of René 41 
spot welds is shown in Fig. 5. This is the in- 
cipient melting and resolidification in the heat- 
affected zone (away from the cast nugget 
structure) of a low-melting-point eutectic phase. 
It is normally formed within, or extruded into, 
planes of weakness near the interface periphery 
of the weld. 

Provided that incipient melting is not evi- 
denced by cracking, it is presently considered 
acceptable. Neither its distinct cause or pre- 
vention has been firmly established. The great- 
est concern is the possibility that this eutectic 
may remelt at elevated temperatures, subse- 
quently weakening the spot weld. 
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Fig. 5 — Macrograph Shows 
of Incipient Melt- 

ing of a Eutectic Phase 
During Spot Welding of 
~ René 41. In this instance, 
the low-melting liquid was 
extruded into cracks where 
"the it then solidified. If 
= filled cracks are not in 
evidence, the condition is 
not considered a reason for 
rejection. The eutectic may 
melt in service, however 
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Setting Up a Welding Schedule 


An awareness of these physical relationships 
between welding current, electrode force and 
time is not in itself sufficient for establishing 
and precisely reproducing spot weld schedules 
for René 41. In production, settings must be 
reproduced on various slightly dissimilar ma- 
chines, as well as on the same machine after 
periodic maintenance or modifications. For 
this reason, oscillographic traces showing tim- 
ing of current and electrode force are essential. 
A typical recording for a 0.040 to 0.040-in. Rene 
41 spot weld is shown in Fig. 6. Trace 1 indi- 
cates welding and forging force versus cycles 
of time. Trace 2 indicates uninterrupted single- 
polarity current for preheat, welding and post- 
weld forging versus cycles of time. Note the 
relationship between current and the initiation 
of forging (welding) force. 

In setting up a weld schedule, conformance 
of spot welds with process specification require- 
ments is determined from micro and macro- 
examination of weld cross sections and from 
evaluation of bend test and shear strength 
values. Cut and polished macro specimens are 
electrolytically etched in 10% chromic acid solu- 
tion. These specimens are evaluated for nugget 
penetration and diameter as well as evidence of 
cracking, macrosegregation, or expulsion of 
molten weld metal into the interface surround- 
ing the nugget. Evidence of incipient melting 
is established only from micro-examination. 

Process limitations and design requirements 
are major factors in establishing minimum spot 
weld strengths. Recent experiments indicate 
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Fig. 6 — The Oscillograph 


Traces Show Timing of Welding Force 


Electrode Force (Trace 1) 


| 


“forging Force 


and Current (Trace 2) 


During Spot Welding of 
Two 0.040-In. Sheets of 
Rene 41. Because of a 
one to two-cycle delay in 
its actuating system, the 
forging force must be start- 
ed before the free ampli- 


Electrode 
Force 


Preheat Time 


Note: Relationship between current 
and initiation of welding force 


Trace 2 Quenching Time 
Welding Time Forging Time 


tude is required with re- 
spect to postweld current 


that a maximum strength level is also desirable 
as a means to prevent overheating and subse- 
quent excessive grain growth. Also, the excess 
pressure required can result in considerable 
indentation (on aerodynamic surfaces) and sheet 
separation. This could also be a factor affecting 
equipment and electrode wear. 

Figure 7 indicates limits established by 
Boeing tor allowable single spot weld shear 
strengths and allowable average spot weld shear 
strengths. These limits are used as a guide in 
develuping René 41 spot weld schedules. To 
be statistically confident that no spot weld 
strength falls outside the established single spot 
weld limits, the “average allowable” band _ is 
considerably narrower. Boeing specifications 
allow a +10% variation during production from 
the average shear strength established when 
the schedule was determined — provided the 
new average value does not fall outside this 
narrow band. Hence, it is desirable to estab- 
lish a weld schedule that produces an average 
shear strength as near the center of this inner 
band as possible. This allows full advantage 
to be taken of process allowables without 
jeopardizing weld quality and reliability. 


Shims Solve Problem 


Control of nugget penetration is a major 
problem in spot welding sheets of unequal 
thicknesses. The weld nugget tends to nucleate 
from the geometric center of the stack rather 
than from the joint interface, because com- 
paratively long-duration welding time is re- 
quired. Consequently, a metallic is 
placed in contact with the thinner member to 
add resistance to the flow of current and cause 
nucleation of the nugget closer to the thin 
sheet. Thickness of the shim is dictated by the 
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Time, Cycles (60 Cycle) 


thickness ratio of the members being welded; 
the greater the thickness ratio, the thicker the 
shim must be. Nickel-base alloy and 300 series 
stainless steel shims have been used success- 
fully. Shims are removed after welding. To 
date, this technique enabled us to weld Rene 
4] sheets with thickness ratios up to and includ- 
ing 4 to 1. 

Stacks of three and four sheets of various 
thicknesses may also be welded with the aid 
of shims. Combinations having a single heavy 
member flanked by two thinner members often 


Fig. 7 — Limitations on Minimum and Maximum 
Shear Strengths for René 41 Spot Welds Are Used 
to Determine Proper Settings on Production Ma- 
chines and for Quality Control. Variations of 
* 10% from an average shear strength established 
for a particular machine are permitted during 
production if the strength that is obtained does 
not fall outside the average allowable band 
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require use of shims on both sides of the stack. 
Four-sheet stacks are usually welded after join- 
ing two-member combinations by the tech- 
niques discussed above. The presence of pre- 
viously made spot welds in this combination 
has no detrimental effect on nugget formation 
or quality. Combinations having a single thin 
member flanked by two heavier members do 
not require the use of shims. Minor variations 
in material thickness (within 10%) require no 
adjustments in pre-established spot weld 
schedules. 

The selection of electrode materials is im- 
portant. Electrodes of RWMA Grade A, Class 
3 type, which exhibit a hardness of Rockwell 
B-100 and electrical conductivity of 48% 
(1.A.C.S.), performed well. In continuous pro- 
duction, these electrodes can produce over 
1000 consecutive spot welds without significant 
electrode tip wear or changes in weld nugget 
geometry or properties. Full-faced 5g-in. diam- 
eter electrodes having tip radii of 4 to 8 in. 
should be used wherever possible. If the elec- 
trode face must be reduced for specific 
applications, useful electrode life will be cor- 
respondingly reduced. 


Avoid Surface Contamination 


The absence of foreign materials and mark- 
ings from surfaces to be joined is desirable for 
resistance welding nickel-base alloys. This is 
a primary consideration for welding René 41 
alloy. 

Nickel-base alloys become brittle when ex- 
posed at elevated temperatures to sulfur, lead, 
zinc, and some other low-melting, eutectic- 
forming metals and alloys. Sulfur is contained 
in many machining lubricants, marking crayon 
compounds and paints. Many tooling materials 
contain the low-melting metals either singly 
or in combination. 

Also, carbon from soils, ink markings and 
paints can under certain conditions form ad- 
verse Me;C, carbides at grain boundaries in a 
continuous weakening network. Entrapment 
of high-melting surface oxides within the nug- 
get also weakens the weld. Nearly all surface 
oxides and films resist the flow of electrical 
current to some extent. This is detrimental to 
reproducibility in spot welding. 

Precautions should be taken that metal sur- 
faces to be joined are not contaminated, thereby 
offering no greater resistance than 100 microhms 
per circular-mil-ft. under 1000 Ib. of axial load; 
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Seven Steps to Successful Seam and 
Spot Welding of Rene 41 


* Employ uninterrupted, single-polarity, high- 
amplitude, short-duration welding current preceded 
by single-polarity, lower-amplitude preheat cur- 
rent to insure ample nugget penetration. 


® Provide uninterrupted single-polarity current 
with higher electrode force (two or three times 
welding force) for postweld forging of the spot 
weld nugget. 


* Use oscillographic traces for precise timing 
of current and electrode force when determining 
welding schedule and setting it up on production 
equipment. 

¢ Check spot weld shear strengths periodically 
to insure consistent reproduction of high-quality 
welds. 


* Clean thoroughly all parts to be welded so 
that they are completely free of contaminating 
soils and oxide films. 


© After initial qualification, check all spot weld- 
ing machines at intervals not to exceed 30 days. 


© Offer all machine operators and quality con- 
trol personnel informative training. 


surface finish should not exceed 63 micro-in. 

These requirements can be met if the sheet 
is thoroughly cleaned. To accomplish this we 
subject the parts to a five-step cleaning in the 
following sequence: (a) degrease in trichloro- 
ethylene at 190° F. to remove heavy grease and 
oils; (b) immerse in alkaline bath of phospho- 
silicate (5 to 7 oz. per gal. of water) at 180° F. 
to remove lighter oils, markings, and finger- 
prints; (c) spray with high-pressure water, fol- 
lowed by warm water rinse; (d) pickle in a 20% 
nitric-4% hydrofluoric acid bath at 120° F. for 
not over 2 min. to remove surface oxidation and 
metal deposits remaining from previous fabri- 
cation operations; and (e) spray with high- 
pressure water to remove smut remaining after 
the pickling operation. Small oxidized areas 
that remain or subsequently accumulate may 
be removed by abrasive cleaning. In addition, 
all parts should be cleaned immediately prior 
to welding by wiping with a solvent such as 
methyl-ethyl-ketone. All assemblies and parts 
should be protectively wrapped between opera- 
tions and handled only with the aid of clean 
cotton gloves. S 
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Two Superalloys 
for Jet Engines 


Progress in High Temperature Metals 


- 


Udimet 700, a Wrought Alloy 


By I. S. SERVI and W. J. BOESCH* 


Upmer 700, INTRODUCED IN 1957, is a 


This alloy, commonly used for wrought alloy for 1800° F. service. Initial pro- 
turbine buekets, is also employed duction consisted of small-sized stock processed 


for wheels and shafts of jet engines. from 9-lb. ingots. Today, 1 to 4-in. stock for 
Bar and billet stock regular industrial use is being rolled from ingots 

is available commercially, weighing up to 2000 lb. The demand for still 

and sheet and wrought shapes larger stock is being filled. Several 8 to 14-in. 

are being tested for new applications. diameter hiliets have been successfully pro- 
(A-general, T24b, 17-57; Ni-b, SGA-h) duced, some from ingots weighing over 4500 lb. 


It is expected that the alloy will also be pro- 
duced in sheet and other wrought forms. 


*Vice-President and Manager of Technical Serv- 
ices, respectively, Special Metals, Inc., New Hart- 
ford, N.Y. “Udimet” is a registered trade name. 


IN-100, a Cast Alloy 


By S. F. STERNASTY 
and E. W. ROSS* 


Tue FIRST TECHNICAL REPORT on IN-100, 
one of the newest of the superalloys, appeared 
but a short time ago in Metal Progress ( April 
1961, p. 97). Since the preliminary data given 
in that article indicated the stress-rupture capa- 
bility of the alloy to be 50 to 75° F. higher than 
that of any superalloy then available, we be- 
came interested in it for turbine blades. 

In evaluating an alloy for a specific applica- 
tion, the engineer first must know the operating 
conditions that the component will experience. 
Next, he must establish all the properties that 
will be needed by the design and determine 
whether parts with uniform properties can be 


The reported high 

stress-rupture strength of this alloy 

has stimulated a detailed evaluation 

of its producibility and properties. 

Results indicate that 

° it can be used for turbine blades 
and other high-temperature applications 

for advanced jet engines. 

“ (A-general, T24b, 17-57; Ni-b, SGA-h) 


*Engineer and Supervisor, respectively, Struc- 
tural Materials Unit, Large Jet Engine Dept., 
General Electric Co., Cincinnati, Ohio. A develop- 
ment of the International Nickel Co., IN-100 is a 
nickel-base alloy containing 10 Cr, 15 Co, 3 Mo, 
1V, 5.5 Al, 5 Ti, 0.18 C, 0.015 B, and 0.05 Zr. 
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Udimet 700 


The metallurgy of this alloy is rather inter- 
esting. It is a typical nickel-chromium-cobalt 
alloy in which aluminum and titanium are the 
hardening agents. In the as-rolled condition, 
the structure contains a large amount of gamma 
prime [Ni,; (Al, Ti)], some MC and M;Bz, and 
a small amount of M2;Cy. The M;Bz is mainly 
a molybdenum-chromium boride, and the MC 
is titanium carbide, with some dissolved molyb- 
denum and chromium. Other elements may 
also be present in the latter compound. There 
are large amounts of gamma prime because the 
alloy is hot rolled in the two-phase field (gamma 
plus gamma prime) and gamma prime is pro- 
gressively rejected from the matrix. 

A 4-hr. heat treatment at 2150° F. +25° is 
essential to assure complete solutioning of the 
gamma prime, otherwise the high-temperature 
properties will be drastically impaired. Con- 
versely, when the alloy is to be hot formed in 
some manner, solutioning should be avoided by 
ascertaining that the metal is not heated above 
2025° F. +25°. The molybdenum-rich M;B.- 
type phase decomposes and melts above 


2200° F. +25°. The result is a eutectic com- 
posed of a M;B, type compound (rich in chro- 
mium-nickel-cobalt) and a gamma_ matrix 
(melting point: 2220° F. +10°). 


How to Age the Alloy 


When a properly solutioned Udimet 700 part 
is treated at 1975° F., gamma prime precipitates 
in coarse, discrete particles to produce, in effect, 
mild overaging. However, subsequent aging 
at lower temperatures and air cooling cause a 
fine gamma prime of slightly different composi- 
tion to precipitate within the gamma matrix. 
This treatment hardens the alloy completely. 
Thus, full heat treatment consists of thorough 
solutioning, high-temperature aging, and one 
or two aging treatments at lower temperatures. 
During the latter heating, M2;Cy also precipi- 
tates but this phase does not impair engineering 
ductility. 

For use at 1800° F. the recommended heat 
treatment is: Heat at 2150°F. for 4 hr., air 
cool, heat at 1975° F. for 4 hr., air cool, heat at 
1550 F. for 24 hr., air cool, heat at 1400° F. for 


IN-100 


Fig. 1 — Cast Turbine Blade Showing Variations 
in Grain Size Which Occur During Solidifica- 
tion and Cooling. These variations are within 
the limits set up by the manufacturer. 1 x 


produced of the alloy in question. Of particu- 
lar importance is the grain size. Investment 
casting techniques used in producing turbine 
blades can result in large variations in grain 
size from blade to blade and even within a 
blade. Since this variable is known to have 
a significant effect on many of the properties, 
we established a range of grain sizes which 
would result in the best compromise of mechani- 
cal properties in the component. 

To date three producers have vacuum cast 
two types of blades from IN-100 alloy accord- 
ing to our stringent specifications. As Fig. | 
shows, the grain sizes vary; however, they are 
within the required range. Though tears and 
microshrinkage were experienced in some of the 


- initial castings, both of these problems have 


been rectified by modifying the casting tech- 
niques. Thus, manufacturers currently pro- 
duce blades to guaranteed quality requirements 
and mechanical properties, including the stress- 
rupture specification which requires a 23-hr. 
minimum life on test bars machined from cast 
blades and stressed at 29,000 psi. at 1800° F. 
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Excellent — 


Very Poor 3 


As-Rolled and Stress Relieved Solutioned and Rapidly Cooled 


3 


Solutioned and Aged 


Fig. 1 — Microstructures of Udimet 700 As-Rolled and Stress Relieved 
(Left) Solution Treated (2150° F.) and Cooled Rapidly (Center), and Solu- 
tion Treated (2150° F.) and Aged (1975-1550-1400° F.). The major constitu- 


ent is gamma prime in a gamma matrix. Etchant; Kalling’s reagent; 1000 


Once the casting technique and reproducibil- 
itv of the blades have been established, the 
property levels obtained in the castings must 
be evaluated. For this we machined specimens 
from the blades and tested them for stress- 
rupture and tensile data. The results are shown 
in Fig. 2 and 3. 

The designer must also know how an alloy 
will act when it is subjected to combined 


In recent years, aircraft gas turbines and new 
superalloys have made parallel progress. This 
is not surprising — each new development in 
either field is a stimulating challenge to the 
other. Designs for more powerful engines call 
for stronger alloys and vice versa. 

However, before any new alloy can be ap- 
plied, the designer must know what it can do. 
These two articles, in reporting comprehensive 
test results on Udimet 700 and IN-100, two 
important new superalloys, should therefore be 
of interest to all engineers concerned with im- 
proving the performance of today’s jet engines. 
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stresses (a mean stress plus a superimposed 
alternating stress). Thus we also use a “stress- 
range’* diagram in Fig. 4; it shows the alloy 
behavior under varying stress combinations. 

Another important design consideration is 
the “thermal fatigue crack” a low-cycle, high- 
stress fatigue failure which is induced by the 
severe thermal gradient experienced by the 
blade during engine starting. In a testt appa- 


*A “stress-range” diagram, also called a “modi- 
fied Goodman” diagram, is normally made up for 
a given temperature; the curve represents a certain 
number of hours of life. The X axis is mean stress 
(rupture life), the Y axis is alternating stress 
(fatigue), and the area between represents a 
combination of mean and alternating stresses. This 
type of information is essential in turbine blade 
design, since the component is subjected to a com- 
bination of mean stresses (the centrifugal loads) 
and alternating stresses (the gas loads). 

tAlthough the actual details of this test are 
proprietary, it might be generally stated that the 
airfoil of the blade is rapidly heated to testing 
temperature, held until the temperature is uniform, 
and quickly air cooled. The blade is cvcled in this 
manner until it fails. 
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16 hr., and air cool. This treatment yields the 
best compromise of stress-rupture properties 
and room-temperature ductility. Moreover, the 
alloy is fully stabilized, so that little or no 
changes in properties are to be expected after 
exposure at 1800° F. 

Most processing operations with this alloy 
can be performed within a range of tempera- 
tures. For example, it can be forged between 
1800 and 2050° F., stress relieved between 1850 
and 2000° F., and aged between 1400 and 1975° 
F. The actual temperatures selected for heat 
treatment will depend largely on the final prop- 
erties which are desired. Figure 1 illustrates 
typical microstructures. 


Compositions and Properties 


Nominally, this nickel-base alloy contains 
3.75 to 4.75 Al, 2.75 to 3.75 Ti, 4.50 to 5.50 Mo, 
13 to 17 Cr, 14 to 20 Co, 0.001 to 0.050 B and 
given levels for C (0.15 max.) and Fe (4.00 max.). 
To assure reproducibility of properties, the com- 
position is controlled within much narrower 
limits by vacuum induction melting, either ap- 
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Fig. 2— Stress-Rupture Properties of Udimet 
700 (Wrought Bar) as Indicated by Larson- 
Miller Plot Derived From Tests up to 2100? F. 
The material has received the recommended 
treatment for the best compromise of stress- 
rupture properties and room-temperature ductility 


plied as such or followed by consumable arc 
remelting. 
A broad picture of stress rupture properties 


ratus that simulates such stresses, IN-100 alloy 
blades were tested along with cast Udimet 500 


Fig. 2—Yield and Ultimate Tensile 
Strength of IN-100 Alloy as Obtained 
From Tests on Cast Turbine Blades 
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and cast Udimet 700. The data indicated that 
its resistance to thermal fatigue cracking was 
twice that of Udimet 700 and 3.5 times that of 


Udimet 500. The thermal coefficient of expan- 


Fig. 3 — Larson-Miller Curve Indicating Stress- 
Rupture Properties of IN-100 Alloy. The 100-hr. 
rupture life data for this curve were obtained 
from specimens machined from cast turbine 
blades. “T” is in Rankine degrees, “t” in hr. 
100; 
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is given by the Larson-Miller curve (Fig. 2). 240 
Though tensile tests at conventional speeds 

indicate useful engineering strength up to about 
1950” F., the situation changes when fast strain 
rates are used. As Fig. 3 shows, a reasonable 4 
strength is maintained up to 2100° F. under 1 


such conditions. 


200 


Ultimate Tensile Strength 
(Standard) 


A number of variables, including the tem- : 
perature and mode of hot working, affect the 120 
tensile properties of this alloy. Among them 3 
is the degree of residual “hot-cold work”. Be- (Rapid Heating) 
cause of this, the properties reported in Fig. 3 | _ r\ SS 
represent the lower end of typical performance. 0.2% Offset Yielo | 
Without a thorough solution treatment (2150° | 
F.), much higher tensile properties at room and “= IN 
moderate temperatures are obtained, but the 
stress-rupture preformance at high temperature 


Ultimate Tensile Strength 


Stress, 1000 Psi 
fo) 


Elongation 
Fig. 3—With Rapid Testing Rates, the Tensile > 120 § 
Strength at a Given Temperature Is Higher Than M4 
That Indicated by Hot Tensile Testing at Conven- —7——— 10g 
tional Rates. For those tests, the bars (gage diam- - a <a 
eter, 0.25 in.) were heated to temperature in 30 sec. R.T. 2001200 1400 1600 1800 2000 
and pulled to fracture at 0.1 in. per in. per sec. Temperature, | F 


sion and the dynamic modulus of elasticity were their relationships to the properties obtained 
also determined and are presented in Fig. 5. can aid in improving the alloy through heat 
treatment or chemistry variations. In this in- 
vestigation, electron microscopy, x-ray diffrac- 


Phases Are Important 


Though the phases present in an alloy seem tion and fluorescence analysis techniques were 
to be only of academic interest, they are impor- used to study the phases and their morphology 
tant from a practical standpoint, as well. Often, in samples, both as-cast and after exposure at 
an understanding of the phases present and engine operating temperatures. 


The alloy is strengthened by precipitation 


Fig. 4 — “Stress-Range” Diagram for IN-100 Alloy. 


These data represent combined stresses. To obtain Fig. 5 — Modulus of Elasticity and Coefficient 
them, alternating stresses were imposed on speci- of Thermal Expansion at Various Temperatures 


mens already under a given mean stress (at 1500'F.) 
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is severely impaired. So far, sheet stock has 
not been evaluated completely, but tensile 
properties at room temperature and 1300° 

appear to be in line with those of bar stock, 
except that elongations are somewhat lower. 


Oxidation Resistance Is Good 


As would be expected, the alloy oxidizes in 
a manner similar to other nickel-base alloys. 
It can be used unprotected in air at least up to 
1800° F. At and above 2000° F., scaling is not 
excessive, but critical elements such as alumi- 
num and titanium are removed from a surface 
laver. Therefore, protective coatings are sug- 
gested, particularly for thin sections which are 
designed to last for long periods. 

Oxidation is critically affected by surface 
preparation. As Fig. 4 demonstrates, cold work- 
ing results in intergranular attack — eventually 
leading to spalling. Furthermore, the figure 
shows that electropolishing aids oxidation re- 
sistance. After the test, only a very thin sub- 


IN-100 


Fig. 4— How Surface Condition Affects Resistance 
to Oxidation. After grinding (top) and electro- 
polishing (bottom), the specimens were exposed to 
still air at 1800° F. for 100 hr. Though the ground 
specimen corroded to 0.0005 in., the other formed 
only a thin scale and intergranular attack was vir- 
tually absent. Etchant: Marble’s reagent; 1000 > 


scale was evident, intergranular attack being 
virtually absent. S$ 


hardening. Gamma prime, Ni; (Al, Ti), pre- 
cipitates from the matrix as the component 
cools from the solidification temperature. The 
relatively high amounts of aluminum and tita- 
nium form another gamma prime (the white 
“islands” in Fig. 6 and 7) that emerges from 
the liquidus rather than precipitating from 
solid solution. The alloy contains a large 
amount of MC (M being predominantly tita- 
nium) in both the. as-cast condition and after 
various exposures to elevated temperatures (al- 
though it does decrease somewhat with in- 
creasing exposure). A chromium-rich carbide, 
M..Cy, is not present in the as-cast condition, 


Fig. 6 — General Microstructure of IN-100 Alloy. 
The small, clearly defined particles are MC, 
and the white “islands” are presumably gamma 
prime that emerged from the melt on solidifi- 
cation. Etchant: Kalling’s reagent; 300 x 


but is formed during exposure as the MC breaks 
down. 

Different casting techniques produce varying 
MC morphologies which apparently affect the 
fatigue strength. Structures with elongated 
carbides (Fig. 7) have been shown to have the 
same life in combined stress fatigue as struc- 
tures with equiaxed carbides (Fig. 6) at stresses 
that are as much as 30% higher. 

Because vanadium is a carbide former, it 
usually exists as a vanadium carbide. In this 
alloy, however, vanadium seems to be primarily 
a solid-solution strengthener, or a replacement 
for titanium in the gamma prime. S$ 


Fig. 7 — In This Microstructure, the MC Parti- 
cles Are Elongated Rather Than Round As In ° 
Fig. 6. This structure had much better fa- 
tigue strength under combined stresses than did 
the other, Etchant: Kalling’s reagent; 250 x 
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Tue APPLICATION of H11t, a 5% Cr hot 
work tool steel, for aircraft structures was de- 
scribed in Metal Progress in March 1959 (p. 
103) and April 1959 (p. 97.). The mechanical 
properties given in the first article were obtained 
from H11 steel, air melted in basic electric fur- 
naces. As pointed out in that article, low trans- 
verse ductility in large bars was a major problem 
with air-melted material. As soon as the con- 
sumable-electrode, vacuum-melting process be- 
came available, its effect on the quality of H11 
was investigated. In this process, an air-melted 
electrode is arc remelted in a vacuum at a con- 

7 trolled rate. The ingot solidifies in a water- 
cooled copper mold. 


Air and Vacuum-Melted H11 Compared 


A comparison of mechanical properties (in 
the short transverse direction) of large air- 
melted and consumable-electrode, vacuum- 
melted (CEVM) bars is presented in Table I. 
The data that are listed represent typical re- 
sults from tests on bars of various sizes and 
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Vacuum Melting 
Improves Properties of H11 Steel 


Consumable-electrode, vacuum-melted H11 steel is probably cleaner 
than its air-melted counterpart, but the size, shape and distribution 

of inclusions may have a more important effect on properties 

than do quantitative differences. This may explain why 
vacuum-melted steel has superior transverse ductility, 

more uniform properties, higher notched tensile strength 

and greater fatigue strength than air-melted material. 


By P. E. RUFF 
and R. W. STEUR* 


from a number of heats. They show that the 
transverse reduction of area of CEVM material 
is considerably better than that of air-melted 
H11. In addition, tensile specimens taken from 
the center of CEVM bars exhibited good duc- 
tility; and vacuum-melted material also dis- 
played much better uniformity throughout the 
cross section. As a result of these improve- 
ments, our material specification for CEVM 
H11 now establishes an 8% minimum and 10% 
minimum average for reduction of area at 280,- 
000 to 300,000 psi. for both center and mid- 
radius short transverse locations. For air-melted 
material, suppliers guaranteed a minimum re- 
duction of area of 6% at midradius; no guaran- 
tee is made for the center position within the 


*Engineering Specialists, Metallurgical, North 
American Aviation, Inc., Columbus, Ohio. The 
authors wish to thank A. M. Federico and other 
fellow employees who aided in the preparation of 
this ar*icle. 

tH11 steel has the following nominal composi- 
tion: 0.40 C, 0.30 Mn, 0.90 Si, 5.00 Cr, 1.30 Mo 
and 0.50 V. 
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te 


same strength range. Suppliers have found the 
producibility of CEVM H11 steel far superior to 
air-melted material. 


Forgings Improved 


Figure 1 is a photograph of the aft fuselage 
frame for the A3J-1, a heavy attack aircraft 
being built for the Navy by North American 


Important Structural 
Members in A3J-1,. 
Navy's Newest and 
Largest Carrier-Based 
Attack Aircraft, Are 
Made of Consumable- 
Electrode, Vacuum- 
Melted H11 Steel 


Aviation in Columbus, Ohio. This assembly is 
composed of parts machined from H11 die 
forgings. A comparison of the mechanical 
properties for some of these forgings made 
from CEVM material and air-melted H11 is 
presented in Tables II and III. (Figures 2 and 
3 show the positions from which the test bars 
were cut.) The data clearly indicate improved 


Fig. 1 — Aft Fuselage Frame of A3J-1, Measuring 186-In.-Wide, Is 
; Made Up of H11 Forgings. How vacuum melting affects the proper- 
Re ties of the horizontal and vertical spindles is shown in Tables II and III 
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Table I — Transverse Mechanical Properties of Air-Melted and Consumable-Electrode, 
Vacuum-Melted H11 Steel (10 x 12-In. Bar) 


Atr-MELTED ConsuUMABLE-ELECTRODE, VACUUM-MELTED 


YIELD ULTIMATE YIELD | ULTIMATE 
LocaTion | Posirion REDUCTION REDUCTION 
| StReNcTH | TENSILE STRENGTH TENSIE | ARFA 
(0.2%, Orrset) | STRENGTH (0.2% Orrset) STRENGTH 
Midradius | Bottom 247,000 psi. | 293,000 psi. 13.1% 243,000 psi. 287,000 psi. | 16.1% 
Midradius Bottom 246,000 293,000 15.8 239,000 287,000 12.8 
7 Center _ Bottom 251,000 299,000 52 238,000 283,000 15.3 
Center | Bottom 250,000 290,000 4.0 228,000 276,000 20.9 
Midradius | Top 248,000 293,000 5.4 238,000 282,000 13.3 
. Midradius Top 250,000 295,000 6.2 231,000 284,000 16.4 
Center | Top 249,000 293.000 6.6 237,000 282,000 14.8 
Center Top 253,000 298,000 7.1 | 237,000 282,000 12.7 


Table Il — Mechanical Properties of Air-Melted and 


CEVM H11 Steel Vertical Spindle Die Forgings 
Test Ur TIMATE | REDUCTION 
BAR TENSILE IN 
Direc- STRENGTH, | | GATION$, | 
NUMBER*® STRENGTH, = AREA, 
TIONT Psi. Ps or 
‘ 33 In. 


Air-Melted 


ST 235,000 | 284.000 4.9 8.2 28 
2 S1 233,000 284.000 3.7 8.1 
ST 236,000 283.000 2.3 7.6 
5 | 240,000 288,000 | 9.0 34.4 
Consumable-Electrode, Vacuum-Melted 
ST 239,000 | 291,000 | 11.3 36.7 Fig. 2— Positions From 
) ST | 243,000 296.000 90 99 8 Which Test Specimens 
3 ST 245,000 297,000 10.3 38.8 Were Taken in Vertical 
4 ST 245,000 297,000 10.3 35.4 Spindle Die Forging of 
5 L 246,000 297,000 9.0 25.9 Aft Fuselage Frame of 
A3J-1. Numbers indicate 


ends of the test bars 


*Location of test specimens shown in Fig. 2. 
+ST: short transverse direction; L: longitudinal direction. 
iGage length = 4 X diameter of test bar. 


Table Ill — Mechanical Properties of Air-Melted and 
CEVM HII Steel Horizontal Spindle Die Forgings 


ULTIMATE : REDUCTION 
BAR TENSILE IN 
- STRENGTH, GATIONT, 
NUMBER® | STRENGTH, AREA 
Psi. | 
| } 


Ps. 
Air-Meltedt 


234,000 287.000 4.7 8. 
° 2 237,000 280,000 1.5 4.0 > | 
3 234.000 281,000 1.3 5.1 
4 236,000 283,000 1.9 4.5 
Consumable- Electrode, Vacuum-Melted ft 
240,000 294,000 9.3 24.6 Fig. 3 — Test Bar Positions in 
2 238,000 292,000 7.5 21.4 Horizontal Spindle Die Forging. 4 
5 241,000 295,000 9.5 24.1 Ends of bars are indicated by f. 4 
+ 248,000 297,000 8.8 31.2 numbers. Data in Table I and II ee. 
show that the significant effect 
*Location of test specimens shown in Fig. 3. of vacuum melting is that it 
iGage length = 4 X diameter of test bar. improves reduction in area. 
tAll specimens oriented in short transverse direction. Elongation is also improved 
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Fig. 4—Test Bars Used to Determine Effect of 
Tempering Temperature on Notched and Smooth 
Tensile Properties of Air-Melted and Consumable- 
Electrode, Vacuum-Melted H11 Steel. All speci- 
mens were austenitized at 1850° F. for 1 hr. and 
triple tempered, each for a total of 6 hr., at various 
temperatures. Figures 5 and 6 show the results 


transverse ductility with less directionality in 
mechanical properties for the CEVM material. 

Consumable-electrode, vacuum melting re- 
portedly achieves substantial improvement in 
cleanliness for these reasons: Molten metal does 
not contact the refractory crucible and slag; 
oxides and nitrides dissociate in the arc; those 
compounds which do not dissociate are levi- 
gated and dispersed in the molten metal. In 
general, the number of nonmetallic inclusions 


in CEVM material is less than in air-melted 
H11, but the difference is not as pronounced as 
might be expected. Air-melted H11 is pro- 
duced using “tool steel” electric-furnace melt- 
ing practice with special attention directed to 
cleanliness. As a result, the nonmetallic inclu- 
sion content of air-melted material is generally 
low. This could account for the lack of out- 
standing difference in cleanliness. More impor- 
tant in rendering inclusions less harmful to 
mechanical properties may be their size, shape 
and distribution. It would appear that the 
most significant factor in the ability of CEVM 
to improve transverse ductility and uniformity 
of H11 stems from the controlled solidification 
of the ingot in a water-cooled crucible, a tech- 
nique which produces an exceptionally sound 
and homogeneous material. This is particularly 
advantageous for materials, such as H11, which 
are prone to segregation because of appreciable 
alloy content. To achieve good transverse me- 
chanical properties, the importance of a high- 
quality ingot cannot be overemphasized. 
Although some degasification occurs during 
CEVM, the significance of the lower gas con- 
tent as it affects transverse ductility has not 
been well established. 


Effect of Tempering Temperature 


An investigation was also conducted to de- 
termine the effect of tempering temperature on 
the smooth and notched tensile properties of 
CEVM H11 compared to air-melted material. 
Standard subsize tensile specimens and notched 
tensile specimens were rough machined from 
l-in. diameter air-melted bar and CEVM mate- 
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Fig. 6 —Comparison of Notched Tensile 


Strength With Ultimate Tensile Strength of 
Air-Melted and Consumable-Electrode, Vac- 
uum-Melted H11 Demonstrates That the 
Latter Is Less Sensitive to Notches, Particu- 
larly at Strength Levels Above 260,000 Psi. 


rial. The specimens were austenitized at 1850° 
F. for 1 hr. in a neutral salt bath, air cooled to 
room temperature, and triple tempered (2 hr. + 
2 hr. + 2 hr.) at various tempering tempera- 
tures. All specimens were finish ground after 
heat treatment. 

Configuration of specimens is shown in Fig. 
4. The geometry of the notched tensile speci- 
men provided a stress concentration factor, K,, 
of 6.25. Results of the tensile tests are shown 
in Fig. 5. No particular significance can be 
attached to the better response to heat treat- 
ment by CEVM material because the higher 
vield and ultimate strength for a given tem- 
pering temperature is apparently due to differ- 
ences in chemical composition between the two 
heats. The most significant difference between 
CEVM and air-melted H11 is the superiority of 
the former with respect to notched tensile 
strength, particularly at tensile strengths above 
260,000 psi. A plot of these data (notched ten- 
sile strength as a function of ultimate tensile 
strength) more clearly indicates this difference 
as shown in Fig. 6. It can be seen that CEVM 
H11 steel is definitely less notch sensitive than 
air-melted H11 at strengths above 260,000 psi. 


Vacuum Melting Improves Fatigue Life 


A comparative study of some fatigue proper- 
ties of air-melted and CEVM H11 steels was 
also conducted. Unnotched and notched axial 
load fatigue specimens were machined from the 
l-in. diameter CEVM H1I1 bars used for the 
static notched strength specimens just de- 


scribed. The specimen configurations are 
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Critical sections of the speci- 


The 60° V-notch pro- 


shown in Fig. 7. 
mens were polished. 
vided a stress concentration, K,, of 2.4. Similar 
specimens had previously been tested from the 


midradius of an air-melted 5-in. diameter bar 
of H11 steel. All longitudinal specimens, heat 
treated to a tensile strength of 280,000 to 300,- 
000 psi., 
Axial load fatigue tests with a stress ratio, R, 
of 0.02 were conducted on the four series of 
specimens in a Sonntag SF-10U fatigue ma- 
chine. Results of these tests are presented in 
Fig. 8 as plots of maximum stress (percent of 
ultimate tensile strength ) versus minimum life. 

The improvement shown by the CEVM un 
notched specimens over the air-melted H11 
steel for endurances greater than about 3 x 10* 
cycles is considerable. In the notched condi- 
tion, there is an essentially constant improve- 
ment at all endurance limits for the CEVM 
H11 steel over the air-melted material. The 
difference between the endurance limits of 


were employed for comparison tests. 


Fig. 7 — Specimen Geometries Shown 
Here Were Used in Tests to Deter- 
mine Fatigue Properties of Air-Melted 
and Vacuum-Melted H11 Tool Steel 
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Fig. 8 — Results of Tests Show Superior Fatigue 
Strength of Consumable Electrode, Vacuum- 
Melted H11. Air-melted specimens were taken 
from midradius (longitudinal direction) of 5-in. 
rounds and were heat treated to 295,000 psi. 
ultimate tensile strength. Vacuum-melted speci- 
mens came from I-in. bars (longitudinal direc- 
tion) and were heat treated to an ultimate tensile 
strength of 290,000 psi. Stress ratio (R) 
0.02. Test-bar geometry is shown in Fig. 


smooth specimens of the two materials com- 
pares well with the similar data for 4340 steels 
reported by F. B. Stulen (see “Effect of Material 
Property Variations on Fatigue”, Proceedings of 
the WADC Svmposium on Fatigue of Aircraft 
Structures, WADC TR59-507, August 1959). 
However, the notched data do not agree. 
Stulen postulates that the equivalent notched 
fatigue strengths of the air-melted and vacuum- 
melted 4340 steels is the result of the compara- 
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tively equal cleanliness of the very limited, 
highly stressed volume under the notch in both 
materials, but that the difference in the un- 
notched fatigue strength is due to the improved 
average Cleanliness in the vacuum-melted 4340 
steel of the larger volume of material under 
peak stresses in the unnotched specimen. Since 
the data obtained for H11 steel in the present in- 
vestigation shows improvement in both the un- 
notched and notched conditions for the CEVM 
material, there are evidently additional factors 
involved. As previously described, the cleanli- 
ness of the air-melted material approaches that 
of the CEVM stock. Therefore, it appears that 
the homogeneity and uniform dispersion of 
inclusions in the latter material may be signifi- 
cant factors contributing to the improved fa- 
tigue strength in both the unnotched and 
notched conditions. In view of the homo- 
geneity in the CEVM H11, it is unlikely that 
the fatigue properties of specimens from the 
midradius of CEVM H11 bar, 5-in. in diameter. 
would be significantly different from those ob- 
tained with the l-in. diameter rod. A current 
program involving stock in this size range is 
expected to verify this assumption. 

In conclusion, CEVM H11 steel has greatly 
superior transverse ductility (elongation and 
reduction of area) and better uniformity in 
tensile properties than air-melted material. In 
general, CEVM material is cleaner than air- 
melted H11 but the size, shape, and distribution 
of the inclusions in CEVM may be more im- 
portant in minimizing harmful effects than 
quantitative differences. Consumable-electrode 
vacuum melting gives much higher notched 
tensile strengths than does air melting at tensile 
strengths above 260,000 psi. It also improves 
both notched and unnotched axial fatigue 


strength. 


Snowflakes on the Grass 


Though the fanciful title above describes the cover for our December 
issue very well, the micrograph actually illustrates (at 50 x) Type 356, 


an aluminum casting alloy. 


Made by Clayton McNeil, Chrysler Corp., 


and entered in the 15th Annual A.S.M. Metallographic Exhibit, it reveals 
the microstructure of an experimental valve for the liquid oxygen system 
in the Jupiter missile. The “snowflakes” are dendrites; in giving an indi- 
cation of the casting rate, they help to establish proper gating and casting 
techniques for the valve. The small, dark constituents in the photo out- 
line an interdendritic network of silicon and associated needles of beta 
(Al-Fe-Si). The etchant is 0.5% HF in alcohol. 
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The Effects of Strain Rate 


and 


Temperature on Metals 


By J. R. KATTUS* 


Metals increase in strength under an increasing rate of strain; 

this effect becomes quite large at elevated temperatures. 

Under conditions of rapid loading and short times at temperature, 
strengthening mechanisms — such as precipitation and work hardening or 


martensitic transformation — retain some of their effectiveness 
to much higher temperatures. (Q27, 3-68, 3-61) 


Sournern RESEARCH InstitTuTE has been 
investigating elevated-temperature mechanical 
properties of metals under conditions of rapid 
strain rate and short times at temperature. 
This information is useful in designing struc- 
tural members for missiles and spacecraft which 
must withstand similar conditions. 

In an extensive evaluation, three sheet mate- 
rials — Alclad 7075-T 6 aluminum, A11OAT tita- 
nium, and a hot work die steel — plus a cast 
alloy, ZH62-T 5 magnesium, were tested at four 
temperatures. 

Two strain rates were studied: 0.00005 in. 
per in. per sec., which is a normal rate requir- 
ing several minutes to rupture, and 1.0 in. per 
in. per sec., which is a fast rate requiring less 
than 1 sec. to rupture. All test specimens were 
heated to testing temperature within 10 sec. and 
held at temperature for 4 hr. before being 
loaded to failure. 

The four stress-strain curves obtained (Fig. 1 
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through 4) show the increase in tensile strength 
as strain rate is increased. Although this effect 
appears inherent, it is counteracted in some 
alloys within limited temperature ranges by 
structural changes such as strain aging or pre- 
cipitation. Total elongation does not correlate 
consistently with changes in temperature or 
with changes in strain rate. In general, uniform 
elongation (elongation up to ultimate load) de- 
creases with increasing temperature due to the 
decreasing degree of work hardening. The 
effect of increasing strain rate (on uniform elon- 
gation) is quite inconsistent. 


Relative Effects of Strain Rate 


As shown in Fig. 5, strain rate has a relatively 
minor effect on tensile strength at room tem- 
perature. At higher temperatures, the effect 
of strain rate becomes much greater; the 

*Head, Metallurgy Div., Southern Research In- 
stitute, Birmingham, Ala. 
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Fig. 1 — Stress-Strain Curves for Alclad 7075- 
T6 Aluminum Sheet at Different Temper- 
atures and Strain Rates. Composition: 1.6 
Cu, 2.5 Mg, 5.6 Zn, 0.38 Cr, balance Al 


strength properties rise markedly with higher 
strain rate. This increase (for each alloy) begins 
rather abruptly at a specific temperature which 
corresponds roughly to the recrystallization 
temperature. In addition to increased strain 
rate sensitivity, high-temperature behavior 
(above the recrystallization point) is charac- 
terized by a breakdown of low- -temperature 
strengthening mechanisms as a result of a 
higher rate of self-diffusion. Poor resistance 
to creep and an inability of metals to work 
harden are invariably associated with high- 
temperature behavior. Therefore, the tem- 
perature of transition is normally the maximum 
temperature for load-carrying applications  in- 
volving longer times. 


Fig. 2 — Stress-Strain Curves for Annealed 
ALIOAT Titanium Sheet at Different Tem- 
peratures and Strain Rates. Composition: 5.7 
Al, 2.7 Sn, 0.1 Cu, 0.02 N, balance Ti 


Fig. 3 — Stress-Strain Curves for Quenched 
and Tempered Hot Work Die Steel 
Sheet at Different Temperatures and 
Strain Rates. “Peerless 56° composition: 
0.40 C, 0.56 Mn, 0.99 Si, 0.011 S, 0.020 
P, 3.25 Cr, 2.57 Mo, 0.26 V, balance Fe 


Tensile properties at slow rates of strain 
deteriorate considerably because of the transi- 
tion to high-temperature behavior. At high 
rates of strain (under high-temperature condi- 
tions) higher strength properties are maintained, 
probably because plastic flow occurs more 
rapidly than diffusion. Therefore, structural 
metals can be used sately at higher tempera- 
tures under conditions of rapid loading. 

Alloys best suited for high-temperature appli- 

cations on the basis of creep prope rties may 
not provide the best structural strength in mis- 
siles and aircraft at certain temperatures when 
loads are applied rapidly and for short periods 


Fig. 4 — Stress-Strain Curves for Cast 
ZH62-T 5 Magnesium Alloy at Different 
Temperatures and Strain Rates. Compo- 
sition: 6.2 Zn, 2.1 Th, 0.9 Zr, 0.03 Si, 
0.03 Al, 0.01 Cu, 0.001 Ni, balance Mg 
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Fig. 5 — Effect of Tempera- 
ture on Percentage Change 
in Tensile Strength Re- 
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sulting From Strain-Rate 
Increase (0.00005 to 1.0 
in. per in. sec.) 


Hot Work Die Steel— 


Above the recrystalliza- 
tion temperature, strain 
rate has an increasing 


ZH62-T5 
Magnesium 
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effect properties 


Change in Tensile Strength, % 


of time. This point is illustrated in Fig. 6 which 
shows the effect of strain rate on the strength of 
a hot work die steel and Inconel “X” (Inconel 
alloy X-750) at 1000, 1200 and 1400° F. after 
holding 30 min. at temperature. At 1200” F., 
the die steel exhibits greater strain-rate sensi- 
tivity, indicating high-temperature behavior, 
whereas Inconel “X” (Inconel alloy X-750) ex- 
hibits low-temperature behavior. As a result, 
the strength curves cross at a strain rate in the 
range of tensile loading. At 1200° F., therefore, 
Inconel “X” (Inconel alloy X-750) provides the 
better strength for applications involving creep 
and slow tensile loading, whereas the die steel] 
provides the better strength for applications 
involving rapid tensile loading and impact. 


Metallurgical Structure Affects Properties 


Figure 7 illustrates the effects that tempera- 
ture and strain rate have on strengthening 
mechanisms for steel (cold work or heat treat- 
ment). The tensile strength ratios of a hard- 
ened structure to an unhardened structure are 
plotted as functions of temperature for two 
strain rates. Strengthening mechanisms are 
effective in the range of low-temperature be- 
havior but deteriorate in the range 800 to 1200° 
F. (transition to high-temperature behavior). 
An important point brought out by these curves 
is that, at the faster strain rate, the low-tempera- 
ture strengthening mechanisms are effective to 
higher temperatures. 

In Type 301 stainless, fully work-hardened 
material is slightly stronger than half-hard ma- 
terial at temperatures up to 800° F. regardless 
of strain rate. At 1200° F., the strength superi- 
ority of the full-hard material decreases almost 
to zero regardless of strain rate, the effect of 
strain rate on this deterioration being negligible. 
The absence of strain-rate effects can be attrib- 
uted to the fact that the softer material is par- 
tially hardened rather than dead soft. The 
strength of both materials are derived from the 


DECEMBER 1961] 


200 


400 600 800 1000 1200 1400 1600 


Temperature, °F. 


same mechanisms; therefore, increasing strain 
rate has the same relative effect on both mate- 
rials at all temperatures. 

In 17-7 PH and the 4130 steels, the metal- 
lurgical structures in the heat treated condition 
are considerably different from those in the 
annealed state. In the temperature range 800 
to 1200° F., the strengthening mechanisms of 
the fully heat treated structures deteriorate 
much more than those of the soft structures, 


Fig. 6 — Effect of Strain Rate on Tensile Strength 
of Die Steel and Inconel “X” (Inconel Alloy X- 
750) Sheet at Various Temperatures. This shows 
that an alloy with highest creep properties 
may not provide best high-temperature struc- 
tural strength under conditions of rapid loading 
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Fig. 7 — Effect of Temperature and Strain 
Rate on Tensile Strength Ratio of Hard- 
ened Versus Soft Structures. Specimens 
held at temperature 30 min. before testing. 
Note that strengthening mechanisms are 
effective only below transition temperature 


Fig. 8 — Effect of Holding Time at Tem- 
perature on Tensile Strength Ratio of 
Hardened Versus Soft Structures. Speci- 
mens heated to test temperature within 
10 sec. and loaded at an intermediate 
strain rate of 0.01 in. per in. per 
sec. Time (as well as temperature) 
is an important factor in the transition 
from low to high-temperature behavior 
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especially at the slow strain rate. At the fast 
strain rate, the strengthening mechanisms of 
the fully heat treated structures are still effec- 
tive in hindering plastic strain, and the hard- 
ened structures retain some superiority in 
strength over the soft structures. These effects 
of strain rate are consistent with the previously 
stated fact that at fast strain rates metals tend 
to retain low-temperature strength characteris- 
tics to higher temperatures than they do at 
slow strain rates. 

The influence of holding time at temperature 
prior to tensile testing on the effectiveness of 
various hardening treatments is shown in Fig. 
8. Time, temperature, and strain rate are im- 
portant factors in the transition from low to 
high-temperature behavior. The breakdown of 
low-temperature strengthening mechanisms — 
deterioration of precipitation hardening by co- 
agulation and growth or disappearance of work 
hardening by recrystallization — takes time even 
at high temperature. 


The Modulus of Elasticity 


The effect of temperature and strain rate on 
the modulus of elasticity of a hot work die 
steel is shown in Fig. 9. The “apparent” de- 
crease in modulus at a slow strain rate and 
at temperatures above 800° F. is due to a small 
amount of plastic deformation (creep) that 
occurs during the initial phase of the tensile 
test as the specimen is loaded slowly through 
the elastic region. This plastic deformation 
decreases the slope of the stress-strain curve 
causing a decrease in modulus value. Since 
creep is time dependent, the modulus deter- 
mined at a rapid strain rate is representative of 
true elasticity. In the range of low-temperature 


Fig. 9 — Effect of Temperature and Strain 
Rate on Modulus of Elasticity of Quenched 
and Tempered Hot Work Die Steel Sheet 
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Fig. 10 — Effect of Temperature on Strength- 
behavi — ff | Weight Ratio of Some Structural Sheet 
enavior, modu us bs . ues are unaffected be- Metals at Two Strain Rates. Inconel “X” (In- 
cause creep is negligible. conel alloy X-750), with lowest ratio at room 
temperature, holds up better under increas- 
Effect on Strength-Weight Ratio ing temperatures; it is exceeded only by the 


Figure 10 shows the effects of temperature strength-weight ratio of die steel at 1200°F. 


(holding time: 10 sec.) and strain rate on 


strength-weight ratios of several structural temperature to 1400° F., or long holding times 
alloys. At room temperature, the highest ratios at 1200° F., decrease the relative superiority of 
are found in the quenched and tempered die the die steel because of its instability at these 
steel and in the quenched and tempered 6 Al, temperatures. Under these conditions, Inconel 
4V titanium alloy; up to 1200° F., the die steel “X” (Inconel alloy X-750) is superior at the 
is superior in this property. The strength- slow strain rate, but the die steel retains supe- 
weight ratio of Inconel “X” (Inconel alloy X- riority at the fast strain rate (see Table I). 

750), which is lowest at room temperature, does At room temperature, the strength-weight 
not decrease as rapidly with increasing temper- ratios of 17-7 PH, 2024-T3, and AZ-31 are 
ature; at 1200°F., it is exceeded only by the similar. At elevated temperatures, however, 
strength-weight ratio of the die steel. Although the stainless steel is superior to the aluminum 
not shown in the figure, a further increase in and magnesium alloys. r) 


Table I — Strength-Weight Ratios of Die Steel and Inconel “X” 
(Inconel Alloy X-750) 


TESTING TIME AT - STRENGTH-WEIGHT 
| STRAIN RATE MATERIAL 
TEMPERATURE TEMPERATURE Ratio* 

1400° F. 10 sec. | 1.0in./in./sec.| Inconel “X” 325 

1400 10 0.00005 Inconel “X” 215 

1400 10 | 1.0 Die steel 390 (extrapolated) 
. 1400 10 0.00005 Die steel | 75 (extrapolated) 

1200 30 min. | 1.0 Inconel “X” | 360 

1200 30 0.00005 Inconel “*X” | 290 

1200 30 | 1.0 Die steel 425 

1200 30 0.00005 Die steel 230 


*Ultimate tensile strength, 1000 psi. 


Density, Ib. per cu.in. 
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John Burlin Johnson 


An Eminent American Metallurgist 
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-= BURLIN JOHNSON, or “].B.”, as he is 
known to friends far and wide, has spent liter- 
ally a lifetime in aviation, in improving aircraft 
engines and structures. Here is the chronology: 

1916 to 1918—Inspector, airplanes and engines, 
\viation Section, Signal Corps (Washington). 

1918 to 1923 — Army Air Corps, Assistant Chiet 
of Materials Laboratory, McCook Field (Dayton). 

1923 to 1948— Chief of Materials Laboratory, 
Engineering Div.. Wright Air Development Center 

Dayton ). 

1949 to 1954 — Chief, Metallurgy 
Branch, Office of Air Research (Dayton). 

1954 to 1958 — Technical Director, Aeronautical 
Research Laboratory, Wright-Patterson Air Force 
Base ( Dayton ). 

The progression shown in this list of titles 
is enough to indicate a long list of successes. 
He has had a guiding hand in the development 
of innumerable procedures for testing materials 
and controlling fabrication processes for mili- 
tary aircraft. 

John Johnson was born May 31, 1890 at Olean, 
N.Y., attended high school there and then went 
on to Cornell University where he earned 
degree of mechanical engineer in 1912. 

His life work started almost immediately: In 
his first work with the Signal Corps, “J.B.” 
recognized that sampling of commercial lots 
and selection of those lots which gave the best 
tests —then the accepted procedure for wood, 
fabric, lubricants — was not good enough for 
steel. Each metallic part had to be inspected 
for inherent quality. For this, he and Alfred de 
Forest worked out the principles and working 
procedures for magnetic inspection. Since then 
his interest in nondestructive testing has never 
flagged. 

In the 1920 decade, welding was emerging 
froma repair operation toa production method; 
he saw its possibilities immediately and made 
so many constructive suggestions that they even- 
tually bulked into a 400- page book entitle »d “Air- 
plane Welding and Materials”. For this he was 
awarded the 1929 Morehead Medal by the 
International Acetylene Association. 

A pressing problem early in World War II 
was the conservation of strategic alloys. With 
rare foresight, he had alre ady started work 
along these lines at Dayton and the data secured 
had great influence in establishing the 4100 
series of steels (low in chromium and molyb- 
denum) widely favored for welded structures, 
the deep hardening 4300 series (nickel-chro- 
mium-molybdenum ), and the utilization of the 
low-alloy “National Emergency Steels” in mili- 
tary aircraft. In recognition of these achieve- 
ments the Secretary of War presented Mr. John- 
son the Emblem for Exceptional Meritorious 
Services. 

He was interested in stainless and_heat- 
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resistant steels for aircraft at least 20 years be- 
fore they became necessary for supersonic air- 
craft and jet engines. As early as 1930 he 
started work on high-temperature alloys for 
power plants, and for such work as this he 
received the Thurman Bane Award from the 
Institute of Aeronautical Sciences. Other ex- 
amples of planning for future needs are his 
interest in aluminum and magnesium alloys for 
structural and skin materials (even when the 
“flying crates” were made of wood, fabric and 
wire), in beryllium (starting in 1938), and in 
titanium and zirconium (1946). In 1949 he 
established a special department of the Aero- 
nautical Research Laboratory at Wright-Patter- 
son Air Force Base for the study of metal and 
oxide combinations for ultra high-temperature 
service. 

This is not all, but enough has been cited from 
the full record to warrant in 1960 the award of 
the Gold Medal of the American Society for 
Metals, established in 1943 “to recognize out- 
standing metallurgical knowledge and _ great 
versatility in the application of science to the 
metal industry, as well as exceptional ability 
in the diagnosis and solution of dive rsified 


metallurgical problems”. No one acquainted 


with the history of American aviation, both 
civilian and military, could find a man who 
better fits that specification. 

Mr. Johnson was married to Marian Ochiltree 


in 1922 and has had two children. His personal 
hobbies are gardening and golf. 

Aside from the indications of intellectual 
competence and prophetic vision cited earlier 
in this biographical appreciation, Mr. Johnson 
has an outstanding record of sharing his knowl- 
edge with others. He has been a member of 
the American Society for Metals for 33 years, 
during which time he served as National 
Trustee, 1951 to 1953, and Chairman of the 
Handbook Committee, 1948 to 1951. He was 
chairman of the Aeronautical Material Speci- 
fications Div. of the Society of Automotive Engi- 
neers for 18 years. He participated in the activi- 
ties of the National Advisory Committee for 
\eronautics over a period of 23 years, and in 
various Army Ordnance committees for 20 
vears. Thirty years measures his membership 
in the Americon Society for Testing Materials. 

Throughcut Wright-Patterson Air Force Base 
and the American aeronautical industry, John 
Burlin Johnson is known as a man who takes a 
logical approxch to a knotty problem. His 
ability to analyze the auxiliary aspects of a main 
question is uncanny. His example has been a 
personal inspiration to all his associates. These 
qualities were recognized by the Society in 
bestowing its Gold Medal, and by us in present- 
ing this bicgraphical appreciation. 

Ernest E, THoum 
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Fig. 1 — Variations in Microstructure of Exper- 
imental Cast Irons. The iron containing high 
silicon (4.12%) and low manganese (0.26%) 
has the smallest graphite spheroids in a ferritic 


a 


matrix, while that with medium silicon (2.62%) 
and high manganese (1.10%) has large sphe- 
roids surrounded by “bull’s-eye” ferrite in a 
pearlite matrix. Etchant: 3% Nital; 250 x 


How Composition Affects 
the Properties of Ductile Iron 


In the heat treatment of ductile iron, 
silicon increases the 

critical temperature range 

and enhances the tempering response, 
while manganese decreases the 
critical temperatures, improves 
hardenability and reduces tempering 
response. By selecting 

the proper heat treatment, 

irons with extremely high tensile 
and yield strengths can be produced 
with moderate ductilities. 


(J-general, Q-general, 2-60; CI-r) 


Docme IRON RESPONDS well to heat treat- 


ment. In fact, by varying the austenitizing 
temperatures, cooling rates and compositions, 
the combined carbon in the matrix can be varied 

*Professor and Associate Professor, respectively, 
Department of Metallurgy, Case Institute of Tech- 
nology, Cleveland. The research reported here was 
sponsored by the Gray Iron Founders’ Society, 
Cleveland. 
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By J. F. WALLACE 
and L. J. EBERT* 


from zero to over 1% to provide a wide range 
of hardness, strength, and ductility. However, 
there is a complication. Alloying elements in 
the iron, including silicon and manganese, have 
a profound effect on the resulting properties. 
Because this phenomenon has caused users of 
ductile iron some problems in consistently de- 
veloping desired properties in varying lots of 
given grades, we undertook this research. 


Heat Treating Effects Studied 


In planning this research program we con- 
sidered several factors. For example, we knew 


Table I — Austenitizing Temperatures of 
Experimental Irons 


AUSTENITIZING 


MANGANESE 
TEMPERATURE 


SILICON 


2.24% 0.26% 1650°F. 
2.45 0.26 | 1650 
3.64 0.26 1675 
4.12 0.26 1700 
2.36 0.68 1600 
2.62 1.10 1550 
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Fig. 2 — Effect of Silicon Content and Austeni- 
tizing Temperature on As-Quenched Hardnesses 
of Experimental Cast Irons. With increasing 
silicon, both critical temperatures rise, the 
lower more than the upper. In these irons, car- 
bon is about 3.75% and manganese is 0.267% 


that the hardenabilities of steels and irons 
could be improved at relatively low cost by 
adding manganese. (On the other hand, duc- 
tile irons with higher manganese contents often 
contained some massive carbides formed during 
solidification, particularly in thin sections. This 
is undesirable.) High silicon contents were also 
wanted; silicon strengthens ferrite, improves 
resistance to growth and scaling, and reduces 
possibility of carbides forming in thin sections. 

With these factors in mind, six castings (rep- 
resenting two series of compositions) of ductile 
iron were made for the study. Four of them 
represented a range of silicon contents (2.24, 
2.45, 3.64 and 4.12%), while three castings con- 
stituted a series in which the manganese content 
varied (0.26, 0.68 and 1.10%). Though silicon 
showed slight variation (from 2.36 to 2.62%) in 
the latter series, this had no significant effect. 

As for the as-cast microstructures of the six 
irons, graphite was generally in spheroidal 
form. Spheroid size varied somewhat, the 
finest being in the 3.64 and 4.12% Si irons and 
the coarsest in the 1.10% Mn iron. Figure 1 
illustrates the range in sizes and the slight vari- 
ation in shapes in the as-cast matrix structures. 
As is evident, the higher-manganese irons (rep- 
resented by the 1.10% Mn material) had a 
matrix of pearlite with “bull’s-eye” ferrite 
around the graphite spheroids, while the higher- 
silicon irons, 3.64 and 4.12%, had matrices 
which were entirely ferritic. 


Heat Treatment Temperatures Determined 


Initially, we determined the upper and lower 
critical temperatures for each composition to 
aid in establishing proper treatments for aus- 
tenitizing and tempering. To do this, we 
heated small blocks of each experimental com- 
position to various temperatures between 1400 
and 1800°F., quenched them in water, and 
checked their hardnesses. Results are shown 


Fig. 3 — Effect of Manganese Content and Aus- 
tenitizing Temperature on the As-Quenched 
Hardnesses of the Experimental Irons. With in- 
creasing manganese, the upper and lower critical 
temperatures drop. Carbon, 3.75%; silicon 2.45% 
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Fig. 4— End-Quench Hardenabilities of Experimental Irons 
With Different Silicon Contents. Note that full hardenabilities 
are obtained only in irons austenitized at the higher tempera- 
ture, and that higher silicon increases the hardenability slightly 
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Fig. 5—End-Quench 
Hardenabilities for the 
Irons With Varying Man- 
ganese Contents. As is 
apparent, the addition of 
manganese increases the 
hardenability appreciably 
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Fig. 6 — Temperabilities 60 
of the Irons With Vary- 
ing Silicon Contents. 


Note that higher silicon 52 
irons are harder at a giv- 
en tempering tempera- 
ture, and that hardnesses 


drop rapidly high- 
silicon irons tempered 
above 1000° F. Carbon, 
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in Fig. 2 and 3 as a function of the austenitizing 
temperature. 

It might be well to explain the appearance of 
these curves. To begin with, the microstruc- 
tures consisted entirely of austenite and graph- 
ite at heating temperatures represented by the 
upper plateaus (Fig. 2 and 3). On heating the 
test blocks, the graphite in the as-cast struc- 
tures gradually dissolved so that phases in 
heated material represented austenite, ferrite 
and graphite, the amount of austenite increas- 
ing with rising temperature. When the heated 
blocks were quenched, the austenite trans- 
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Fig. 7 — Effect of Tem- 
pering on Hardnesses of 
Manganese-Series Irons. 


In general, manganese | 
slows tempering response 

and has a greater effect 

on the resulting hard- 


nesses than silicon. Car- 0 200 
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formed to martensite; this accounts for the 
greater hardness with higher heating tempera- 
tures. The decrease in hardness with increas- 
ing temperature at the upper level, where 
presumably the structure was entirely austenite 
and graphite, is caused primarily by retained 
austenite. 

In using the curves shown in Fig. 2 and 3, 
the points of inflection for the upper and lower 
plateaus were considered as the upper and 
lower critical temperatures, respectively. As 
Fig. 2 shows, both temperatures rose with the 
silicon contents; but the rate at which the upper 
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Fig. 8—Tensile Proper- 
ties of Irons Containing 


Varying Silicon Contents. 
Note that strength rises 
with silicon contents for 


the lower tempering tem- 
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Tempering Temperature, °F. 


critical temperature rose was less than that of 
the lower critical. Because of this, the range 
between the critical temperatures narrowed 
with increasing silicon content. 

Figure 3 indicates that increasing amounts of 
manganese cause the upper critical temperature 
to drop. Table I indicates the austenitizing 
temperatures selected for subsequent work 
along with the corresponding silicon and man- 
ganese contents. 


Hardenability Is Important, Too 


Since ductile iron can be heat treated to high 
strengths, its hardenability characteristics are 
important. In particular, heat treaters must 
know the depth to which full hardness can be 
achieved in quenching. To determine these 
characteristics, end-quench tests were per- 
formed on bars of each composition austenitized 
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1200 1300 


at 1550 and 1700° F. (temperatures commonly 
used in current practice) 

In examining Fig. 4, which illustrates harden- 
ability curves for the series in which the silicon 
content was varied, a number of factors are 
immediately apparent. First, since much 
greater hardenabilities are achieved by austeni- 
tizing at 1700° F., it is evident that 1550° F. is 
too low a temperature for austenitizing irons of 
these silicon and manganese contents. Second, 
silicon appears to influence hardenability 
slightly, at least in the higher ranges. Third, 
the curve for the bar containing 4.12% Si, 
quenched from 1700° F., shows two plateaus 
at which the hardness readings are essentially 
the same for short distances along the bars. 
These hardness plateaus suggest the presence 
of intermediate microconstituents. The most 
obvious structure would be bainite, with the 
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DEPARTMENT OF DEFENSE--AIR FORCE PHOTO 


HOW NICKEL TAKES THE MEASURE OF 
THE WORLD’S FASTEST ROCKET TRACK 


This is a 2000-miles-an-hour-plus 
rocket sled hitting the water brakes 
... part of continuing tests by the 
Air Force Systems Command. 


The sled travels on a 35,050-foot 
track that was built with such pre- 
cision that even the curvature of the 
earth was considered in its construc- 
tion. 

Rocket, aircraft, and missile com- 
ponents roaring down this track at 
Holloman Air Force Base, New 
Mexico, are timed and photographed 
right at rail level. How? By blades— 
set at intervals of exactly 13.00 feet 
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along the track—that interrupt a 
light beam as the sled rockets by. 
To align these vital track blades, a 
tape made of Invar (36% Nickel) 
was specified. This nickel-iron alloy 
has an extremely low coefficient of 
linear expansion... virtually elimi- 
nates error caused by variations in 
ambient temperature conditions. 
Consequently, there isn’t .005-of- 
an-inch deviation in blade alignment 
in the entire seven miles of track. 
When it’s important to you that 
alloys resist all sorts of temperature 
conditions...or great stress and im- 


pact...or high corrosion ... look to 
the alloys that contain Nickel. They 
might well solve your metals prob- 
lems—accurately—and at practical 
cost. Why not write to us describing 
your metal needs. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Keo New York 5, N. ¥. 


INCO NICKEL 


MAKES ALLOYS PERFORM 
BETTER LONGER 
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Specifications and Properties of Nodular (Ductile) Iron Castings 


| Minimum MECHANICAL PROPERTIES 


SPECIFICATIONS CLASS | TENSILE YIELD 
| STRENGTH, | STRENGTH, 


Pst. Psi. 


ELONG ATION 
in 2 


Hear TREATMEN1 TypicaL APPLICATIONS 


80-60-03 | 80,000 60,000 


A.S.T.M. A 339-55 
60-45-10 60,000 £5,000 


| 


45.000 


60,000 | 


PASI M.A 395-55 T 60-45-15 | 
| 


3 Heavy - duty machinery, 
gears, disks, rolls for ‘wear 


and stre ngth 


Usually annealed “Pressurize d parts, valve 
and pump bodies, com- 
shoc k-re- 


pressor heads, 


sisting parts 
Valves and 


steam and chemical plant 


| 
| 
| 
= 


Ferritized by annealing, fittings for 


3.0 total C (min.), 2.75 
0.08 P (max steam driers, 


Si (max.), equipment, 


other pressurized parts 


MIL-I-17166A 40,000 


Ships 


60-40-15 60,000 


| 


and ends, 


Mot 


engine blocks, heads, com- 


Ferritized by annealing to frames 
Bhn. 190 (max.), 3.0 total 
ge 


min.), 2.50 Si (max 


| 
| 
15 | 
pressors, valves, clamps 
0.08 P (max.), 4.5 carbon 
| equivalent (max 


120-90-02 120.000 90,000 


A 396-55 T 


S.T.M. 
A.S.T.M | 100-70-03 100,000 70.000 


120.000 | 90,000 


100,000 75.000 


85.000 60,000 


80,000 “60.000 


MIL-I-1 1466 


Ordnance 


| Pinions, gears. cams. 


QOuenched and te red 


Quenched and tempered 


} Military equipment 
Generally as cast 


60,000 45,000 


60,000 10,000 


} Ferritized by annealing 
| 


Other than the high-alloy grades, the 
nodular iron all have essentially the same chemical composi- 
tion; they differ in the microstructure which surrounds the 
graphite. These different structures can be produced by heat 
treatment. A full anneal produces a ferritic matrix and high 
ductility (Grade 60-45-10), normalizing provides a pearlitic 
structure with good machinability as well as strength (Grade 
100-70-03) and quenching and tempering gives a high vield 


Typical Properties of Quenched 
and Tempered Nodular Iron 


various types of 


| 


Tensile Strength 


Stress, 1000 Psi. 


Oo 
8 


o 


wn 


Elongation 


| 


Elongation, % 


300 350 400 500 


Hardness, Brinell 


strength while maintaining machinability (Grade 120-90-02). 
In actual practice, however, the composition may be varied 
to make it easier to obtain a desired structure. For example, 
carbide-stabilizing elements are generally held to a minimum 
in castings to be annealed, and in castings of medium and 
large size, the 80-60-03 grade can often be obtainéd without 
heat treatment by proper adjustment in the composition. 


Typical Properties of As-cast, Annealed, or Nor- 
malized Pearlitic or Ferritic Nodular Iron or Both 
140 


120 


Tensile Strength 


Stress, 1000 Psi. 


Yield Strength 


w 


Elongation 


wn 


Elongation, % 


A. 
160 180 200 220 240 260 280 300 320 
Hardness, Brinell 


Courtesy Gray Iron Castings Handbook, Gray Iron Founders’ Society, Cleveland. 


METAL PROGRESS DATA SHEET; DECEMBER 1961; PAGE 96-B 


¥ 
| 
| | 
| 
| 
| } 
| | 
— + % - 
| 
5 10 | 
b 
- 
- | | af 
| 
| 
= 
il | | | | ik: 
| 
5 Ta 
200 250 
ae 


Fig. 9— Effect of Vary- 300 
ing Manganese Contents 


on Tensile Properties of 275 
Experimental Irons. At 


lower tempering temper- 

} } 250 
atures, manganese has no 
effect, but above 1100° F. 
the added manganese 
raises strength slightly. 


225 


300 


This effect is the reverse 


of that of silicon (shown @ 
in Fig. 8). Carbon, 02175 230. 
3.75%; silicon, 2.45% 8 AN | a 
0.68 Mn~ NI 200 
2» 6 Mn o 
| WN 2 
75 | 150 = 
| NN 
» 
| 
| 


Elongation, % 


first plateau representing a section of upper 
bainite, and the second, lower bainite. 

Figure 5 shows the effect of manganese on 
hardenability of ductile iron. As with the ma- 
terial with varying silicon contents, 1550° F. 
is also inadequate as an austenitizing tempera- 
ture. The curves derived from specimens aus- 
tenitized at 1700° F. show the striking influence 
of manganese in increasing hardenability. 


Temperability, Another Factor of Interest 


The tempering response of martensitic struc- 
ture is often important from two standpoints. 
Heat treaters must know both the absolute 
hardnesses attainable at various tempering tem- 
peratures and the rate at which these hardnesses 
change with variations in tempering tempera- 
ture. Both factors are important for establish- 
ing heat treating procedures. 
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900 


1000 1100 
Tempering Temperature, °F. 


Figures 6 and 7 show how the experimental 
irons responded to tempering. Generally, the 
high-silicon irons softened rapidly on temper- 
ing in the 1000 to 1200° F. range, and the addi- 
tion of manganese made the tempering reaction 
more sluggish. Moreover, a comparison of the 
two figures shows that manganese content is 
a more potent factor in changing response to 
tempering than silicon. 


Tensile Properties Must Be Considered 


Since ductile iron is primarily a structural 
engineering material, a thorough knowledge 
and comprehensive understanding of its tensile 
properties is very important. This is especially 
true because the properties can be regulated 
by controlling both composition and heat treat- 
ment. Figures 8 and 9 show tensile properties 
of the irons studied in this investigation as a 
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4.12% Si, 0.26% Mn 


function of the tempering temperatures nor- 
mally used in conventional heat treating. As is 
customary in most ferrous materials, ductilities 
rose and tensile strengths fell with increases in 
the tempering temperature. It is significant to 
note that the highest tensile strength achieved 
was 265,000 psi. (obtained with the iron contain- 
ing 4.12% Si). For the medium-silicon irons, the 
highest strength was about 220,000 psi. for the 
iron containing 1.10% Mn. Since for all practi- 
cal purposes, the irons tempered at less than 
800° F. are too hard for ready machinability 
and have poor shock resistance, attention should 
be focused on the values produced by higher 
tempering temperatures. As is evident from 
examining Fig. 8, silicon raises the tensile 
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2.36% Si, 0.68% Mn 


2.62 Si, 1.10% Mn 

Fig. 10 — Microstructures of Representative Ex- 
perimental Irons After Quenching and Temper- 
ing at 1200° F. Note that the irons with lower 
silicon (2.24 and 2.45%) are more completely 
martensitic than those with 3.64 and 4.12% Si. 
Also, the effect of higher manganese contents 
is evident; the 0.68% Mn iron has only a few 
small needles of free ferrite while the 1.10% Mn is 
completely martensitic. Etchant: 3% Nital; 500 x 


strength particularly at the lower tempering 
temperatures (up to 1050° F.). Above this tem- 
perature the effect of extra silicon drops until 
at 1200° F., it is completely gone. Manganese 
has a reverse effect on tensile strength as Fig. 9 
shows. At the lower tempering temperatures, 
increased manganese contents had no effect on 
the tensile strength, (Continued on p. 142) 
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Stress Corroston 


By M. G. FONTANA, 
F. H. BECK 
and J. W. FLOWERS* 


Donnc WORK LEADING to the develop- 
ment of Type CD-4MCu, a new high-strength 
stainless cast alloy with excellent corrosion 
resistance, it was observed that alloys con- 
taining high ferrite showed very good resistance 
to stress-corrosion cracking. This observation 
led to an extensive study of the effect of 
ferrite on mechanical properties and resistance 
to stress corrosion in 18-8 stainless steel and 
in other alloys. 


Special Stress-Corrosion Test 


The apparatus used in determining resistance 
to stress corrosion is described in detail else- 
where.t Figure 1 is an assembled and ex- 
ploded view and Fig. 2 is a schematic drawing 
of the autoclave used in the tests. The walls 


*Mr. Fontana is professor and chairman, Depart- 
ment of Metallurgical Engineering, Ohio State Uni- 
versity, Columbus, Ohio. Dr. Beck is research pro- 
fessor and Mr. Flowers is research fellow at the 
University’s Engineering Experiment Station. This 
research was sponsored by the Alloy Casting 
Institute. 
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Stress corrosion 

of stainless steels 

has become an 
increasingly important problem 
in the chemical process 
industries, as well as in 
power-generating systems 
utilizing steam and 
high-temperature water. 
Higher strength and 
improved resistance to 
stress corrosion can be 
obtained from 

stainless alloy castings 
through control of 

the amount of ferrite 

in the material. (Rld; SS) 


of the autoclave are heated electrically but 
the top is not heated and is not insulated. 
Vapors condense on the top and drip on to the 
test specimen, which is stressed in the device 
shown in Fig. 3. 

Specimens are also immersed in the solution, 
but here higher stresses and longer times are 
required for the onset of cracking. If a Teflon 
umbrella is placed over the specimen, as shown 
in Fig. 2, cracking does not occur. Only the 
top or vapor position with no umbrella was 
used for the studies reported here. Results 
from this test, known as the vapor condensation 
test for stress corrosion, correlate well with 
actual plant experience involving chloride- 
containing waters and other solutions.t 


t“Mechanism of Stress Corrosion of Austenitic 
Stainless Steels in Chloride Waters”, by R. W. 
Staehle, F. H. Beck and M. G. Fontana, Corrosion, 
Vol. 15, July 1959, p. 51-59. 

t“Some Unusual Corrosion Problems in the 
Chemical Process Industries”, by M. G. Fontana, 
Proceedings of the First International Conference 
on Metallic Corrosion, London, April 1961. 
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Data were obtained under the following 
conditions: distilled water containing 875 ppm. 
of sodium chloride is heated to 400° F.; speci- 
mens are exposed for 8 hr. Many of the results 
obtained are summarized in Fig. 4; actual data 
for one alloy, CF-3, are presented below: 


FERRITE APPLIED STRESS CRACKED? 

1000 Psi. 

3.6% 29 Yes 

(90% of yield) 

3.6 10 Yes 

3.6 7 Yes 
(2 tests) 

3.6 5 No 


(2 tests) 


Fig. 2 — Schematic Diagram of Autoclave in Operation 


Noninsulated Top 


Condensation forming 
and falling to solution 


0 
or on specimen 


Teflon sheet to shield 
4 specimen from falling 


condensate 
wi Specimen Holder, 
End View 
Specimens NE Specimen, 


| Asbestos Insulation 


Fig. 1—Assembled and Ex- 
ploded Views of Autoclaves 
Used in Stress-Corrosion Tests 


Thirteen Years of Continuous Exposure to 
One of the Most Corrosive Environments in 
the Chemical Industry —a Solution of Cal- 
cium and Magnesium Chlorides at 220° F. 
With Solid NaCl in Suspension — Have Had 
No Effect on Two Large Pumps Made of 
Type CF-8M Alloy Castings. The alloy con- 
tains significant amounts of ferrite, corroborat- 
ing research findings that ferrite increases re- 
sistance to stress-corrosion cracking. Pump 
parts made of other materials fail in this 
environment in from 15 months to fiwe 
years. (Courtesy Westvaco Chlor - Alkali 
Div., Food Machinery & Chemical Corp.) 
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Table I — Chemical Composition, Ferrite Content and Mechanical Properties of Alloys Tested 


COMPOSITION, 


Room-TEMPERATURE MECHANICAL PROPERTIES] 


ALLOY 
DESIGNA- RITE, TENSILE YIELD ELon- Repuc- Harp- 
NATION % C Mn Si Cr Ni Mo N STRENGTH, STRENGTH, GATION, TION IN NESS, 
Psi. Psi. AREA, % BHN. 


316 0 0.20 | 17.88 | 12.02 


0.08 1.47 


A.C.I. Ty 
CF-3 0 0.02 | 0.78 | 1.20 | 16.97 13.35 
CF-3 3.6 | 0.02 | 0.83 | 1.29 | 19.28 | 10.07 
CF-3 36.6 | 0.02 | 0.83 | 1.50 | 21.81 7.68 
CF-8 i) 0.08 | 0.74 | 1.22 | 18.08 | 12.20 
CF-8 5.0 | 0.07. 0.80 1.25 19.99 9.38 
CF-8 15.8 | 0.08 | 0.78 | 1.28 | 21.37 8.08 
° CF-8M 0 0.08 | 0.85 | 1.12 | 16.72 | 15.02 | 2. 
CF-8M 2.0 | 0.07 | 0.61 | 1.30 | 18.99 | 11.36 | 2. 
CF-8M 15.0 | 0.07. 0.79 | 1.39 | 20.17 9.55 | 2 
CD-4MCu 
(S.A.) 65.0 | 0.025 0.89 | 0.90 25.03 5.32 2: 
CD-4MCu 
(Aged) 
CE-30 28.2 | 0.25 0.54 1.80 28.16 9.64 
CG-8M 16.5 | 0.056) 1.12 | 1.06 | 20.17 | 10.40 | 3.5 
CN-7M 0 0.04 | 0.70 | 0.88 | 20.22 | 29.78 | 2.7: 
Inconel 
(Cb) 0 0.052 0.79 | 1.28 14.2 73.20 
A.LS.LTypet 
304 0 0.06 | 1.42 | 0.38 18.24 8.84 


2.20 


0.030 61,200 
0.075 71,800 
0.056 89,100 
0.050 66,900 
0.062 77.600 
0.077 86.800 
0.042 66,950 
0.074 80,200 
0.064 87,800 
3.15 (Cu) 107,500 

138,800 

100,200 

86.750 
3.50 (Cu) 65,000 
1.89 (Cb) 76,200 

85,000 

85,000 


25,400 
31,800 
51,000 
29,900 
36,300 
47,100 
30,000 
42,000 
48.400 


97,900 
100,700 
62,500 
44.550 
28,300 


28,600 


35,000 
35,000 


72.5 
47.5 
60.0 
59.5 
52.0 
96.5 
60.0 
45.0 


16.8 


9.4 
18.8 
41.5 
4 4 


4] 


55 


55 


74 
68 
67 
65 
68 


65 


65 
70 


116 
133 
164 
127 
158 
156 
129 
160 
164 


150 
150 


2050° F. and aged 3 hr. at 900° F. 
tWrought alloys water quenched from 2050° F. 


These data are plotted as a point (3.6% ferrite, 
6000 psi.) in Fig. 4. 

Materials Studied — Three cast 18-8 stainless 
alloys with zero, intermediate, and high ferrite 
contents — CF-3, CF-8 and CF-8M — were 
tested. The wrought counterparts of CF-8 
and CF-8M, Type 304 and 316, were also in- 
cluded. (Wrought alloys are made intentionally 
with zero ferrite to facilitate hot working and 
thus the advantages of ferrite cannot be ob- 
tained.) Other cast alloys tested were CD- 
4MCu, CE-30, CG-8M, CN-7M and Inconel 
containing 1.9% Cb. Table I lists the ferrite 
content, chemical composition, heat treatment, 
and mechanical properties of these alloys. 


Effect of Ferrite 
The effects of ferrite in CF-3, CF-8 and 


CF-8M are shown in Fig. 4. Note the relatively 

poor resistance to stress corrosion for the com- 

pletely austenitic (0% ferrite; nonmagnetic) 


alloys including Type 304 and 316. Resistance 
to stress corrosion increases rapidly as ferrite 
content increases; there is a 15-fold increase in 
resistance for the low-carbon CF-3 alloy. 
Substantial increases in the strength of these 
alloys with increasing ferrite are clearly shown 
in Table I. The two-phase structure of the 
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tNominal mechanical properties listed for Type 304 and 316; for cast alloys actual test results are shown. 


Fig. 3 — Specimen Support Rack Show- 
ing Mechanism for Applying Stress 


*Except for alloy CD-4MCu, all cast specimens were water quenched from 2050° F. Alloy CD-4MCu was solution annealed from 
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Tensile Stress, 1000 Psi. 


30} 


40 

Ferrite, Vol. % 
Fig. 4— Effect of Ferrite on Stress Required to 
Induce Stress-Corrosion Cracking in Several Cast 
Stainless Alloys. Type 304 and 316 with zero fer- 
rite also plotted. Specimens exposed 8-hr. in con- 
densate from 875 ppm. chloride water at 400° F. 


castings is a definite advantage here because 
the producer has very little difficulty in rolling 
austenitic steels with high ferrite contents, 
and higher mechanical properties permit de- 
signing to higher strength levels. 


Other Alloys Also Important 


CE-30, with higher alloy content, did not 
crack in tests involving applied stresses as high 
as 70,000 psi. The Inconel alloy exhibited 
similar behavior at stresses up to 50,000 psi. 
CN-7M alloy cracked at 31,500 psi. These 
stresses are all above the yield point of the 
alloys and therefore are not the true stresses 
developed during the test, but were the stresses 
applied as testing was initiated. Alloy CG-8M 


Fig. 5 — Transgranular Cracks in Type 
304. Stress applied during stress- 
corrosion test was 7500 psi. 90x 


cracked at approximately 42,500 psi. 

Alloy CD-4MCu cracked at about 55,000 
psi. in the solution-annealed condition, and at 
about 65,000 psi. in the aged condition. Here 
is a case of a low-nickel (5%) alloy showing good 
resistance to stress corrosion in a chloride 
environment. This behavior has been con- 
firmed by Navy tests and as a result parts made 
of CD-4MCu alloy are in a nuclear submarine. 
This alloy also shows good resistance to corro- 
sion fatigue — a type of stress corrosion involv- 
ing alternating cycles of applied stress. 

Of all the alloys discussed here, CN-7M 
(often called Alloy 20) and CD-4MCu alloys 
have the best over-all resistance to corrosion in 
relatively severe environments, such as in sul- 
furic acid. 


The Microstructures 


Typical stress-corrosion cracks found in Type 
304 stainless steel are shown in Fig. 5. Similar 
transgranular cracks occur in fully austenitic 
castings of essentially the same composition 
(CF-8). Figure 6 shows the end of a crack in 
CF-8, containing 15.8 vol. % ferrite, which was 
stressed at 33,000 psi. Note that the crack did 
not pass through the ferrite area but propagated 
in the austenite beneath the ferrite and emerged 
on the other side. This helps explain the bene- 
ficial effect of ferrite in cast austenite stainless 
steels — namely, that the ferrite provides a “key- 
ing action” and blocks direct propagation of 
cracks. 


Fig. 6— Transgranvlar Crack in CF-8 
Alloy Containing 15.8% ferrite. Ap- 
plied stress, 33,000 psi. Ferrite area 
has inhibited crack propagation. 375 
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Mission in Europe 


By SAMUEL L. HOYT 
Metallurgical Consultant 
Berkeley, Calif. 


I, May 1959 1 EMBARKED on the S.S. 
America tor Europe and in September 1960 I 
disembarked at Brooklyn from the transport 
Upshur. In the intervening months, as staff 
representative of the Research and Engineering 
Div. of our Department of Defense on a special 
mission to the NATO countries, I visited many 
leading people working in research and tech- 
nology in Europe to compare notes and swap 
information. 

Since | was familiar with Germany and able 
to speak the language — and the work underway 
there was important, as well—I was given 
“logistical and administrative support” by the 
Army and a desk at its European Research 
Office in Frankfurt am Main. However, Frank- 
furt was only my headquarters. I also visited 
Sweden, Belgium, England, France, Switzer- 
land, Austria and Spain. Since Western Eu- 
rope is very active in both research and tech- 
nology, it is wise for us to maintain close liaison 
with our counterparts over there. 


Research Agencies Abroad 


I have mentioned the Army’s ERO in Ger- 
many. Our Navy has a similar office in England 
at London and our Air Force has one in Brus- 
sels, Belgium. A few words about these three 
research agencies may be in order. Any quali- 
fied investigator who knows of the support we 
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Materials Research 


“... as staff representative of the Research 
and Engineering Div. of our Department 
of Defense, I found a strong interest 

in current problems and a common bond 
between scientific and technical personnel, 
both with us in the United States 

and with each other.” 


in Europe 


give to research in Europe can request funds 
fer a program on which he wishes to work by 
submitting a proposal to one of these offices. 
The proposal is then sent back to the United 
States to the appropriate agency for review. 
If accepted, the agency usually provides the 


funds and monitors the work. Word is also 
passed on to the two other offices, notifying 
them of the receipt of a proposal and the action 
taken. In addition, Triservice Coordination 
Meetings are held at three-month intervals to 
discuss operations and other pertinent points. 

Fortunately, the powers-that-be understood 
research well e nough to allow liberal terms in 
the contracts. The investigator does what he 
wishes to do under conditions which are not at 
all onerous. He also has publication rights and 
can patent his findings. Every one is happy 
and our literature is enriched by the publica- 
tions which ensue. Of course, these are basic 
and unclassified investigations. Most of the 
contracts which we support are in fields such 
as chemistry, physics, electronics, biological and 
medical sciences and astronautics. 

It will surprise no one to learn that England 
heads the countries in which we support re- 


search. England is not only a leader in science 


but, in that country, there is no language bar- 
rier — in spite of the many quips to the con- 
trary. An American soon learns that an elevator 
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is a “lift” and that he “ques up” and “books” 
passage on train or plane. Moreover, the Eng- 
lish have learned how we handle their language. 

However, it may come as a surprise to some 
that Germany is second in number and dollar 
value of research contracts. France, of course, 
is not far behind, and all three services have 
strong programs there. To a lesser extent we 
also support research in other countries of 
Western Europe, and there is a small effort in 
a few additional countries which have the need 
and the desire to develop a scientific potential. 


Materials Research Efforts 


So much for the broad picture. When we 
turn to materials, and particularly to metal- 
lurgy, we find a great disparity between the 
present significance of materials and the degree 
of our support to European investigators. Ger- 
many is the outstanding example of this neglect. 
In spite of its very substantial potential in 
brains, experience and facilities for research, 
our cooperation with their investigators in this 
field is exceedingly small. 

The picture in England is similar to that in 
this country, although there are some modifica- 
tions which come from their more basic ap- 
proach, in general, to the execution of pro- 
grams. Their problems are similar to ours 
and there is great similarity in objectives and 
techniques. At the British Welding Research 
Assoc., the British Lron and Steel Research As- 
soc., and several other laboratories on steel 
research, I noticed the emphasis put on analyz- 
ing a problem and the systematic attack on its 
solution. This approach not only establishes 
a good program for the work but also makes 
possible a sounder judgment of the results, 
whether they are positive or negative — a point 
that is often overlooked. 


Studies of Brittle Fracture 


Weldability and brittle fracture offered a 
good starting point, and it was a pleasure to 
check on some of the English work in this area. 
My first visit was to Dr. C. F. Tipper at Cam- 
bridge to go over her brittle fracture studies. 
I had known her earlier as Constance Elam, part 
of the Carpenter and Elam team working on 
single crystals. (Incidentally, she is the only 


metallurgist of her sex to gain international 
recognition under both her maiden name and 
married name.) Her work on deformation and 
fracture of single crystals gives an excellent in- 
troduction to mechanics of the notch effect. 
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Georges Blanc, Scientific Di- 
rector of the Centre Tech- 
nique des Industries de la 
Fonderie in France 


Dr. Werner Koster, Director 
of the Max Planck Institut 
fiir Metallforschung, in Stutt- 
gart, West Germany 


Dr. Tipper has an excellent collection of her 
own test samples and of brittle service failures 
which she is pleased to discuss with interested 
visitors. Marked emphasis there, as elsewhere 
in England, is on fracture appearance which, 
as used, is a controversial point. Which re- 
minds me that one day, when looking across the 
Rhein at the Lorelei, it occurred to me that frac- 
ture appearances can be a good guide provided 
you don't get wrecked on it. Tests for 
susceptibility to brittle fracture deal with speci- 
mens and test procedure, and criteria to use 
for the transition temperature. Each experi- 
menter has his own pet methods which satisfy 
him (but not many others). I found no violent 
disagreement with the idea of using service 
failures as guides, although not many do so. 
On a macroscale the brittle service failure 
shows no evidence of plastic deformation which 
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Dr. Willy Oelsen, Director of 
the Max Planck Institut fiir 
Eisenforschung, Diisseldorf, 
West Germany 


Dr. (h.c.) Angelica Schrader, 
Top Flight Microscopist, Has 
Just Retired From the Max 
Planck Institut fiir Eisen- 
forschung 


preceded fracture, and the fracture is the 
brittle type. Therefore, it must be correct to 
use this behavior to define the transition tem- 
perature. Furthermore, according to this cri- 
terion, the transition temperature is the highest 
temperature at which the prevailing conditions 
(stress system or notch effect and the strain 
rate) produce this behavior or brittle fracture. 

I saw some evidence of a swing in this direc- 
tion in recent English work which accepts the 
highest temperature of true brittle fracture as 
the valid transition temperature. That is the 
Match Point which I have advocated as the one 
point on the transition curve which has precise 
significance and which gives a fracture that is 
the same as the brittle fracture of service. 

At BWRA I discussed weldability with Dr. 
H. F. Tremlett and his basic approach to a proj- 
ect we are sponsoring on the weldability of 
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Dr. R. Weck (Left), Director, and A. A. Wells, 
British Welding Research Assoc., Cambridge, Eng- 
land, Examine a Brittle Fracture of a 3-In. Plate 
With Welded-In Nozzle 


hardenable steels. The program consists of 
determining transformation on continuous cool- 
ing at different rates for a graded series of steels. 
Special attention will be paid to prior structure, 
cooling rate, retained austenite, and to prepar- 
ing the test materials. What—no welding? 
Welding tests will come later after the ground 
rules are established. The approach of the 
BWRA is to eliminate all variables except the 
one under investigation, the desirability of 
which is equaled only by the difficulty of 
accomplishing it. 

Bristol-Aerojet is the only facility which is 
fabricating missile casings of super high- 
strength steels. The properties under uniaxial 
and multiaxial stress and weldability are criti- 
cally important as are fabrication techniques 
and inspection. Discussions with F. J. Wilkin- 
son and C. L. M. Cottrell showed that their 
experience coincides with my own on Polaris 
engine bodies. We also agreed on the probable 
reasons these steels have fallen short of their 
full potential and on what is needed to attain it 
in production. Dr. Cottrell has a weldability 
test which agrees nicely with their shop expe- 
rience. However, other investigators have tried 
it, too, and they were quick to point out short- 
comings which they have found — and so it goes. 

Other English work which I was able to in- 
vestigate was of the same high quality, such as 
work in electron microscopy by J. Nutting at 
Cambridge and R. W. K. Honeycombe at Shef- 
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field, on graphite at Hawker-Siddley, on steel 
research at BISRA and Mond Nickel, and in 
high-temperature research at Fulmer. 


Visits to French Laboratories 


Many years ago while a student in Germany, 
I learned that the French are exceptional in 
getting the clue to a fruitful idea. By a motion 
of his hand, my German professor indicated 
that they simply pluck it out of the air. That 
intuition is still preserved in various French 
laboratories that I visited. Although any gen- 
eral statement can be controverted by citing 
specific cases, I found that, what we are apt to 
do the hard way, the English handle by the 
guidance of serious analysis and the French by 
intuition. The latter is the easy way — if you 
can manage it. 

Grain boundary research is still actively pur- 
sued in Europe — most is basic though some 
is applied. Prof. Honeycombe shows the chro- 
mium impoverishment at grain boundaries of 
sensitive 18-8 such as Ed Bain postulated years 
ago. One of the finest demonstrations I saw 
was at Institut de Recherches de la Sidérurgie, 
the large research institute of the French steel 
industry. With the electron probe micro- 
analyzer they show a 25-fold chromium enrich- 
ment at grain boundaries of plain carbon steels 
though they cannot duplicate with some of the 
harmful impurity elements of low atomic 
weight. 

IRSID is very active in studies of the micro- 
mechanism of brittle fracture, trying to under- 
stand the variables, temperature, strain rate 
and triaxiality. These they refer to as being 
“equivalent”! The first two determine the 
properties, though not as equivalents would, 
while the latter determines the stress field. 
Obviously, they have the wrong approach here, 
but the same criticism cannot be leveled at their 
experimental work. 

At the famous Sorbonne Prof. A. Michel 
studies the carbides of steel, including iron 
carbide and the effects of manganese, nitrogen, 
cobalt, nickel, sulfur and boron. Prof. J. Benard 
also specializes and his interest is the reactions 
or effects of gases on heated metals. Both have 
excellent technique. At the Ecole Polytech- 
nique, the top technical institute in France with 
very high admittance requirements, Prof. 
Jacqué is oriented in petrochemical work but 
he also studies pertinent reactions with metals 
at elevated temperatures. 
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New Electron Emission Microscope 
Used by Dr. H. Diiker at the Max 
Planck Institut fiir Metallfors- 
chung’s “Special Metals Institute” 


[ also visited my friend Georges Blanc, direc- 
tor of the big government institute for foundry 
research. He tackles problems from advanced 
research to the development of new practice. 
Since my last visit, he has added _ scientific 
equipment to study problems in more funda- 
mental fashion. 


Facilities for Specialized Research 


A new feature of research in both England 
and France is the small specialized institute 
at which university professors spend part of 


their time. Their specialized services are thus 
made available to others on a contract basis. 
Examples are Nutting in electron microscopy 


and Jacqué in chemical engineering. 

As mentioned before, Germany was given 
special attention, a task that was greatly simpli- 
fied and expedited by my knowledge of Ger- 
man. One of my first contacts was Prof. 
Werner Kdéster, director of the Max Planck 
Institut fiir Metallforschung in Stuttgart. I 
had become well acquainted with him in 1945 
as metallurgist with (Continued on p. 120) 
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Gamma-Prime Precipitate 
in a Nickel-Base Alloy 


Grand Prize 


Tus eecrrox PHOTOMICROGRAPH, one of 
a pair entered in the 16th A.S.M. Metallo- 
graphic Exhibit by J. F. Radavich (Purdue 
University ) and W. H. Couts, Jr. (General Elec- 
tric Co.), won the Francis E. Lucas Award of 
$500 during the recent 43rd National Metal 
Congress and Exposition in Detroit. The large 
islands of gamma prime in the micrograph, 


DECEMBER 196] 


formed in 100 hr. at 1900° F., show a second car- 
bide phase when treated an additional 16 hr. at 
1400” F. The gamma-gamma prime interface 
shows a hexagonal structure. The nickel-base 
alloy contained 4.5% Al and 3.5% Ti and the 
structure is typical of new age-hardening alloys 
such as René 41 and Udimet 700. Original mag. 
18,500 x, reduced for printing to 12,300 x. 
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Ajax 6000-Ton Mechanical Forging Press (Far Right) Transforms 
6-In. Square Steel Billets to Complete Gear Blanks in Three Strokes. 
Rotary hearth furnace (center background) supplies heated billets 
to the press via conveyor. Press at left trims forged gear blanks 


Automatic Forging of Steel Gears 


By JOHN G. WILSON* 


An automatic rotary hearth furnace teamed with a 

6000-ton mechanical press provides faster, controlled heating 

for improved forgeability, lower costs, and less scaling. 

The automatic setup also produces more accurate, higher-quality 


steel forgings. (F22, T7a, W22p; AY) 


I REQUIRES ONLY 31 MIN. to transform 
a cold billet to a forged-and-trimmed gear blank 
on an automatic press line at Eaton Mfg. Co.’s 
Marion Forge Div. A 6000-ton Ajax mechanical 
press, with an automatic manipulator which 
moves work through a three-stage die, operates 
at 35 strokes per minute to produce pinion 
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forgings and transmission gears ranging in size 
from 13 in. outside diameter (45 Ib.) to 18% in. 
outside diameter (130 Ib.). 
Operating in conjunction with the press is 
a 25-ft. diameter rotary hearth furnace that 
*Plant Engineer, Marion Forge Div., Eaton Mfg. 
Co., Marion, Ohio. 
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Fig. 1 — Cold Billets on 
Storage Conveyor Wait 
While Billet Is Placed 
on Furnace Hearth 


charges and unloads ingot. It heats round- 
cornered steel billets (4 to 7 in. square, in 
lengths ranging from 54% to 125¢ in.) to forging 
temperature, and production is synchronized 
to keep pace with the maximum forging capac- 
ity of the press. The furnace replaces several 
slot-type, manually operated forging furnaces. 

Automatic conveying equipment transports 
A.LS.I. 8620 and 4718 steel billets from a cut- 
ting station to the furnace, directly from the 
furnace discharge to the press, and then to 
the trimmer. Three men can operate the 
entire forging line. 


Automatic Rotary Furnace 


The direct-heating radiant furnace, made by 
Selas Corp. of America, contains a power-driven 
hearth which conveys the work in a clockwise 
direction from the charge door through con- 
trolled heating zones to the discharge door. 
Zone one, equipped with high-low temperature 
control, heats the work at maximum rate, and 
zone two completes the heating of the billet 
to the desired temperature. Zone three is a 
“soaking” zone in which the billet attains uni- 
form temperature. Automatic indexing of the 
hearth is controlled by a synchronous electric 
timer whose interval setting is based on the 
required over-all heating time. 

Three rows of nozzle-mixing radiant burners, 
located in the roof and spaced at strategic inter- 
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vals only inches from the work, beam heat at 
high thermal gradient directly to the billets with 
the result that the average billet is heated to 
2300° F. in only 30 min. 

The desired fuel-air ratio in all zones is 
maintained automatically by a Hagan ratio 
control system which re gulates the quantity of 
combustion air delivered from a turbo-blower 
to the burners in direct proportion to the fuel 
demand as measured at gas flow orifices in each 
zone. The furnace atmosphere is usually kept 
slightly red.cing for all forging jobs to mini- 
mize scale formation. 


Operation of the Furnace 


Automatic operation begins with the con- 
veying of cold billets, at controlled intervals, 
into position for loading into the furnace (see 
Fig. 1). 

Billets are positioned in two concentric circles 
(Fig. 2) on the furnace hearth to achieve higher 
production rates. Steps on the hearth incline 
the billets so that each one contacts the hearth 
at only two points. This has the dual advantage 
of decreasing heating time (by taking utmost 
advantage of convection currents moving under 
and around the billets) and minimizing total 
area in direct contact with the cooler hearth. 

An unusual feature of the installation is the 
manipulator shown in Fig. 3, which places cold 
billets one at a time on the hearth and simulta- 
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Fig. 2 — Placement of Billets on Hearth 
in Two Concentric Circles. This load- 
ing takes advantage of convection cur- 
rents around work to supplement direct 
radiant heat from burners in roof 


and the other for unloading. Space under the 
peels is open for charging and discharging of 
billets without interference with any of the 
conveying equipment. A range of billet lengths 
can be accommodated with only a simple ad- 
justment of a limit switch on the manipulator 
feeding conveyor. The entire mechanism is 
floor mounted, entirely open on the sides, free 
of all overhead frame members, and readily 
accessible for maintenance or adjustment. 
Since there are two circles (or rows) of billets 
on the hearth, charging and unloading is a 
unique, two-phase operation. In phase one, the 
charging peels pick up a cold billet from the 
storage conveyor and, as the carriage moves 
forward, reach into the furnace charge door, 
placing the cold billet on the inner row of the 
hearth. Simultaneously the unloader peels, 


neously removes individual heated pieces. It is reaching into the unloading door, grasp a hot 
essentially a track-mounted carriage whose for- billet from the outer row of the hearth. The 
ward and retracting motions are hydraulically carriage then withdraws, causing the unloader 
propelled. On this carriage are two independ- peel to deposit the heated billet, in motion, onto 
ent water-cooled alloy peels, one for charging the press feed conveyor (Fig. 4). 


Fig. 3— While a Cold 
Billet Is Placed on 
Inner Row of Furnace 
Hearth (Left), a Heated 
Billet Is Removed From 
Outer Row (Right) 
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In phase two, the charging peels, restored to 
position above the cold-billet storage conveyor, 
grasp a waiting billet. The carriage again 
moves forward, the charging peels reaching into 
the furnace and depositing the cold billet on 
the outer row of the hearth. At the same time, 
unloader peels, reaching into the furnace un- 
loading door, grasp a heated billet from the 
inner row of the hearth. As the carriage 
withdraws, the unloader peels release the 
heated billet, in motion, onto the press feed 
conveyor (Fig. 4). 

The entire automatic operation is synchro- 
nized with the indexing of the furnace hearth 
and is electrically interlocked with the cold- 
billet storage conveyor. If desired, however, 
any or all phases of the cycle may be manually 
operated. 


Advantages of the Furnace 


Improved forgeability, short-cycle heating 
and compactness of equipment were important 
factors in the decision to incorporate this rotary 
hearth furnace in Eaton’s production line. Fast 
heating of the billet minimizes scale formation 
on the workpiece, permitting more accurate 
forging and a cleaner surface. This cuts metal 
losses and makes possible a reduction in starting 
billet size. Short-cycle heating results in impor- 


Fig. 4 — Heated Billet 
Is Removed From Fur- 
nace and Starts on Its 
Way to Forging Press 
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tant savings because of the compactness of the 
furnace. Comparable conventional heating 
equipment would occupy considerably larger 
floor space to deliver equivalent output, with a 
correspondingly greater chamber volume to 
heat. 

Automatic control and handling eliminate 
many of the variations attributed to the human 
element, with the result that all billets are 
heated uniformly throughout and from one 
piece to the next. The automatic press line 
establishes a predictable level of output and 
improves scheduling of work throughout the 
plant. 

For easy access and minimum downtime 
when maintenance is required, the furnace in- 
corporates a drop-hearth with screw jacks under 
its main supporting members. These jacks can 
lower the hearth about 2 ft. below normal oper- 
ating position, without removing piping, fur- 
nace wall, or the hearth-drive mechanism. 

Increased production rates achieved with this 
press line will enable the division to expand its 
forging business to serve other Eaton divisions 
as well as industry in general. Other items 
expected to be produced eventually will in- 
clude heavy-duty ring gears, pinions, steering 
knuckles, spindles, and many other types of 
forgings that will fit the press table. S$ 
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Short Runs 


Improving Sample 
Preparation 
Equipment 


By JOHN A. MALLAS 
and ROBERT A. WOODALL* 


Ox some occasions, standard pieces of 
equipment for preparing metallographic sur- 
faces need to be modified to obtain sustained 
production. Two such modifications in one 
laboratory have lessened operator fatigue and 
consistently improved quality of metallographic 
surfaces. We have modified the specimen cut- 
off wheel for better and more thorough cooling, 
and have altered the specimen mounting press 
to make it more rigid and easier to operate. 

Originally coolant was directed to both sides 
of the cutoff wheel at the rear, away from the 
cutting edge. With this arrangement, coolant 
was carried to the piece being cut by wetting 
and centrifugal action of the wheel alone. Not 
only were most specimens cooled inadequately, 
but a fair amount of mist and spattering was 
generated. As Fig. 1 shows, the setup was 
modified by interrupting the coolant delivery 
line before its entrance into the rear wheel 
housing, and providing an additional delivery 
path through a gooseneck fitting mounted on 
top of the wheel housing. Valves, which are 
plainly visible, were installed in both lines to 
allow coolant delivery paths to be adjusted. 

Figure 2 shows the additions to the specimen 
mounting press. The platen return spring is a 
9-in. coil of 14%-in. inside diameter. Made from 
5/32-in. diameter wire, this spring, of unknown 
composition and heat treatment, was picked up 
in the salvage yard. Although originally in- 
stalled because one technician could not other- 
wise lower the platen, it is now considered an 


*Mr. Mallas is metallographer, Transport Div. 
Metallurgical Laboratory, Boeing Co., Renton, 
Wash. Mr. Woodall, formerly at Boeing, is now 
with Special Metals, Inc., New Hartford, N.Y. 
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Fig. 1 — Flexible Tube Makes It Easier to Di- 
rect Coolant to Specimen in Cutoff. Valves 
control amount of coolant: being delivered 


Fig. 2— Spring on Mounting Press Plat- 
form Guide Forces Pressure Plate Down 
When Pressure Is Released. Mold 
cooler is also shown on pressure plates 


indispensable effort-saver. The brace at the 
rear of the press, another addition, undoubtedly 
adds longevity to the press and provides a con- 
venient place to store the thermometer. A 
method for rapid force cooling of the mount 
assembly is also desirable, and is being devised. 

Although not requiring a great deal of in- 
genuity, these modifications have helped us 
considerably. Each metallographic laboratory 
must, of course, select, modify and arrange its 
equipment to handle its own particular prob- 
lems. These modifications, however, should 
be useful in many laboratories dealing with 
both production and research problems. Se 
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LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 


Long wear for precision cutting parts now 


comes in thin coatings —.001” thick 


Two important industrial cutting tools whose working lives have been multiplied by LINDE 
Flame-Plating tungsten carbide coatings: Rubber skiving knives (I.) and paper drills. 


SUPER-THIN coatings of tungsten car- 
bide and aluminum oxide—in the .00075” 
to .002” range of thickness—now keep 
many industrial cutting surfaces on the 
job many times longer than previously, 
yet preserve the precision fit needed for 
optimum cutting. The result: important 
savings in downtime and operating costs. 

These tough, long-life precision coat- 
ings are applied by LINDE’s Flame- 
Plating process, which “blasts” molten 
particles of tungsten carbide onto spec- 
ified areas of wearing surfaces until the 
particles are built up to the desired de- 
gree of thickness. 


Typical examples of longer wear 


Because their cutting surfaces are 
Flame-Plated with tungsten carbide 
coating, rubber skiving knives that for- 
merly required resharpening after every 
shift now stay in use 15 times longer. 
The knives also have the advantage of a 
self-sharpening effect. As the softer steel 
base wears more rapidly than the hard, 
tungsten carbide coating, a sharp edge 
is always presented to the material 
being cut. 

Tungsten carbide coating enables 
serrated knives used in cutting plastic 
sheeting to process three times as much 
material before the first re-sharpening 
is necessary. 

A coating of .001” thickness on the 
inside cutting surface of surgical shears 
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has reduced their rate of wear by as 
much as 33 percent. 

Flame-Plating proved so revolution- 
ary for household cutlery that the man- 
ufacturer built his merchandising theme 
around “The Greatest Development in 
2000 Years of Cutlery Making—a Cut- 
ting Edge of Tungsten Carbide.” 


Solves many wear problems 


Tungsten carbide coatings of micro- 
inches thickness are equally effective 
wherever metal parts or working sur- 
faces are exposed to abrasion, galling, 
erosion, fretting, corrosion, or high- 
temperature wear. Coatings are applied 
by the LINDE’s 6,000-degree Flame-Plat- 
ing process without distortion of the 
work piece or changes in properties of 
base metals. 

For full information on Flame-Plat- 
ing for your particular application, 
check and mail the coupon below. 
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New York 17, N. Y. 
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“Linde” and “Union Carbide” are registered 
trademarks of Union Carbide Corporation 


Need to production-polish 
tungsten carbide surfaces? 


It’s easy with LINDE metallographic pro- 
duction-polishing aluminas — available 
in grades for three types of finishing: 
For high stock removal, | micron C; 
for moderate stock removal and %4 rms 
finish, 0.3 micron A; for super polish, 
0.05 micron B. 

LINDE has developed special tech- 
niques for production-polishing of 
semiconductors and soft metals (such 
as brass), also new ideas for production- 
polishing hard metals, including mi- 
crometer anvils, hardened bearing races, 
routine metallographic samples. Get 
help with polishing techniques to meet 
your requirements. Send coupon below. 


Jet planes landed by ruby- 
against-sapphire wear pads 


In the automatic landing computer of a 
modern jet interceptor, a tiny ruby ball 
held to tolerances of 30 millionths os- 
cillates against a synthetic sapphire plate 
flat t8 1/10 light band, as a reference 
plate for a computer to translate radar 
approach signals into hydraulic actions. 


Approximate size: Ruby ball, sapphire plates. 
A similar wear surface bears on the cam 
head. Certain fly wheel governors also 
have sapphire wear surfaces. 

This 70,000 to 300,000 psi LINDE 
material has a hardness second only to 
diamond, unlubricated static friction 
coefficient of .18, and dynamic of .08 
against itself in moderate loads. It is 
economically suited for wear applica- 
tions such as gage points, textile guides, 
optical inspection flats, and flow valves. 
Send coupon for information. 


UNION 


CARBIDE 


Circle 2175 on Page 48-B 


3 bf, 
— 
i 
| 
| 
| 
113 


CORRESPONDENCE INVITED ON ANY METALLURGICAL SUBJECT * CORRES 


PONDENCE INVITED ON ANY METALLURGICAL SUBJECT * CORRESPONDEN 


ANY METALLURGIC 


A NCE INVIT 


ALLURGICAL SUBJECT * CORRESPONDENCE INVITED ON ANY METALLURG 


Ultrahigh Strength Steel, 
Historically Speaking 


Oxn10 

In recent years, great interest 
has developed in ultrahigh-strength 
steels having ultimate tensile 
strengths of 250,000 psi. and higher, 
along with high yield points and con- 
siderable ductility. Of course, these 
materials are for use in large sections 
and various shapes, but it is interest- 
ing to note that carbon steel wire of 
very high tensile strength has been 
known for years. In 1926 Albert 
Sauveur*, describing patented wire, 
attributes to J. T. Tinsley a state- 
ment that an 0.70% C steel wire can 
be produced having an ultimate 
“tensile strength of 400,000 psi., 
and be sufficiently tough to be 
wrapped about itself without break- 
ing and be swaged flat to one-half its 
original thickness without splitting”. 
Even by today’s standards such char- 
acteristics are very good. 

Sauveur states that “. . . to pro- 
duce wires having a very high yield 
point and very great tenacity (300,- 
000 to 400,000 psi.) while retain- 
ing considerable toughness, the heat 
treatment is so conducted as to pro- 


*The Metallography and Heat 
Treatment of Iron and Steel, by Al- 
bert Sauveur, 3rd edition, 1926, Uni- 
versity Press, Cambridge, Mass. 
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duce sorbite to the practical exclu- 
sion of pearlite, free ferrite, or free 
cementite, and is generally applied 
to steel wires containing some 0.35 


Data Revised for 


$SS-100 and SSS-100A 
Steels 


Robert White of the Sheffield Div., 
Armco Steel Corp., Houston, Tex., 
in a letter to the editor referred to 
the M-P Fact Sheet on p. 118 of the 
October issue of Metal Progress. 
Specifically, he calls our attention 
to SSS-100 steel, saying that this 
grade is now made in thicknesses 
from 3/16 up to and including 2 in. 
and in tensile strength range of 
115,000 to 135,000 psi. 

Mr. White also stated in his letter 
that the SSS-100A grade is now 
capable of maintaining 18% mini- 
mum elongation over the entire 
thickness range instead of the range 
given in footnote (e). 

Our technology certainly moves 
rapidly and we are happy to pub- 
lish these revised figures so that the 
readers of Metal Progress can make 
the above changes in their copies 
of the October issue, p. 118. 


to 0.85% C. . . . To produce sorbite, 
the cooling through the critical range 
should be relatively rapid but not so 
rapid as to cause the retention of 
martensite or even troostite lest the 
steel be brittle, nor should it be 
slow enough to permit the formation 
of pearlite since this would imply 
decreased tenacity. Patenting in 
practice is usually conducted as a 
continuous operation, the wire being 
led through the heated tubes of a 
furnace and cooled by being brought 
into the air or into a bath of molten 
lead comparatively cool but seldom 
below 700° F.” 

The 1948 A.S.M. Metals Hand- 
book describes patenting as consist- 
ing “in heating continuously strands 
of rod or process wire to a tempera- 
ture well above the upper transfor- 
mation point, and then quenching to 
obtain definite structures and me- 
chanical properties and also to re- 
store the ductility of hard drawn 
process wire for further reduction. 
[One type] ‘Metallic hardening’ or 
‘MH patenting’ consists in heating 
[thus] and quenching in molten lead 
at about 1000° F. In ‘double lead 
patenting’, practiced mostly on proc- 
ess wire, the steel is both heated and 
quenched in molten lead”. It is in- 
teresting to speculate that if either 
MH or double lead patenting and 
drawing were carried out in one 
continuous process with the quench- 


ing bath in the neighborhood of the 
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Batch type furnaces form 
mechanized heat treat line 
At The Harnischfeger Corporation, one man 
can supervise a group of standard heat treat units 
linked with a shuttle buggy which moves parts 
quickly and easily from process to process. 
Production rate is 460 net pounds per hour of 
pinions, gears, rollers, shafts, and pins. Chief rea- 
son for this is the Surface atmosphere Allcase® 


furnace. No matter how dense the load, this Power 
Convection furnace automatically hardens and de- 
livers parts with uniform quality. 

Other standard Surface units include two tem- 
pering furnaces, two atmosphere generators, and 
an Autocarb® system which automatically controls 
the carbon content of gas atmosphere. 

Write for information: 2377 Dorr St., Toledo 1, 
Ohio. In Canada: 2490 Bloor St., West, Toronto. 


SURFACE 


SURFACE COMBUSTION, Toledo 1, Ohio/a division of Midland-Ross Corporation Va 
Circle 2176 on Page 48-B 


BATTLES 


This is one of several bends cast of Duraloy 
HOM and now in service in high temperature 
radiant tube applications. 


HOM is a special alloy developed by Duraloy 
Metallurgists for operation in the 2100°-2200°F 
range, with limited application up to 2300°F. 
HOM can be cast static, centrifugal or shell- 
molded. The resulting casting is of exceptional 
uniformity, density and strength. 


We are in a position to make single castings of 
HOM up to about 10 tons or multiple smaller 
castings for assembly into any size or shape that 
can be handled by carriers. Much of our work 
has been along the lines of assembled units. 


HOM is only a few years old but Duraloy’s High 
Alloy Casting experience is 40 years old...and 
that’s a lot of experience! Why not rely upon it 
for your casting requirements—static, centrif- 
ugal or shell-molded. 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N.Y. 
CHICAGO OFFICE: 332 South Michigan Ave., Chicago, III. 
DETROIT OFFICE: 1025 Maple Road, Troy, Michigan 
HOUSTON OFFICE: 4101 San Jacinto, Houston 4, Texas 
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700° F. mentioned by Sauveur and 
with a drawing operation occurring 
immediately subsequent to quench- 
ing, the process would closely re- 
semble the initial stages of the 
austenite deformation process*. 
Certainly the results described by 
Sauveur are equal to the best pro- 
duced by the austenite deformation 
process to date. 
W. E. McKisBen 


Still More on Old Razors 


BouLpDER, 


I would like to add some informa- 
tion to the articles in the June and 
September issues of Metal Progress 
on the old straight-edge razors. 

Prior to World War I, some of the 
best straight razors were made by 
the combined efforts of both England 
and Germany. England furnished 
the forged heat treated blanks, which 
were then shipped to Germany for 
grinding. This seemed to make use 
of the best skills of both countries. 
When the war came along in 1914, 
however, it naturally disrupted this 
arrangement. At the same time, gas 
warfare resulted in a great demand 
for razors, since it was necessary to 
have a clean shaven face for the gas 
masks to be effective. 

After the war, when I attended 
the University of Sheffield and took 
some advanced work in heat treat- 
ing and metallography, I visited a 
number of plants there, and was 
shown, with a great deal of pride, 
machines and devices for grinding 
straight razors. Of course, the British 
had been doing some grinding right 
along and they had a good start. But 
during the war they had really done 
a good job producing the straight- 
edge razors so necessary for all of 
our armed forces. 

I think the variation in hardness 
and structure from back to edge and 
lengthwise of the blade can be ex- 
plained by the method of tempering 
the blanks after they were hardened. 
This was done on a copper plate 
over a flame, the plate being 18 to 
20 in. long and wide enough to 
accommodate the blades. The blades 
were placed on this plate at one end 


*Also called deformation of meta- 
stable austenite, etc. 
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It takes the right atmosphere to develop brightness in stain- 
less steels during annealing. Dry hydrogen will do it, but a 
dry Ne-He2 atmosphere from anhydrous ammonia will do it at 
less cost. It is the least expensive way to supply large volumes powders. 
of gaseous nitrogen and hydrogen for atmospheres that pre- 
vent formation of scale and assure a bright, clean finish. 
Allied Chemical Anhydrous Ammonia, dissociated to form a 
protective atmosphere, prevents carburization of metal .. . 
as a jinish atmosphere, it prevents discoloration. 

It is ideal for: annealing nickel and nickel alloys; electrical 


steels; beryllium copper; silicon copper; and other copper Guide, page 27. 


BASIC TO 
AMERICA’S 
PROGRESS 


NITROGEN DIVISION 
Dept. AA-17-16-5, 40 Rector Street, New York 6, N.Y. 


2819 
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alloys. Dissociated ammonia is excellent for clean hardening 
of high carbon and high chrome tool steels . 
brazing of all types of ferrous metals. . . for sintering metal 


. . for copper 


Our experience with ammonia is unsurpassed by any other 
producer in this field. Allied Chemical flexibility for shipping 
ammonia in barge, tankcar, tankwagon, tank truck or cylin- 
ders fits every user’s needs for saving time and labor. 

For specifications and local offices, see our insert in Chemical 
Materials Catalog, page 272A and in Chemical Week Buyers 


mp! 


INDUSTRIES 
FEDERATION 


a 
METAL 
POWDER 


COMBUSTION TUBES 


Manite or Zirco Ceramics! For service up to 
3,000’ F! Excelient cycling qualities! Maximum 
strength and sag resistance! Order from your 
scientific laboratory supply house! 


Unite fou Catalog Cody! 


CERAN. 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 
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and gradually moved along so that 
all would not be finished at the same 
time. The operator judged the de- 
gree of tempering by color. He 
could also examine the blades and 
if they were crooked, they could be 
straightened while at tempering 
temperature. As blades were taken 
off one end, they were put on at the 
other in a continuous operation. 

Since the back of the blade was 
resting against the copper plate, it 
naturally was tempered more than 
the edge. This is evidenced by the 
fact that, when we tried to cut down 
these larger and worn down straight 
razors, the results were always the 
same. If we cut back very far, we 
found the blade was entirely too soft. 

There are still quite a few of these 
old razors around and most of them 
need regrinding and shaping up. 
However, our experience has been 
that it just cannot be done because 
the metal gets too soft for shaving 
purposes. 

Har.ow C. PLatts 


President 
Western Cutlery Co. 


Woonsocket, R.I. 

As a user of straight-edge razors 
for over 35 years (until I was given 
an electric recently ), I still insist that 
one straight-edge razor is worth a 
dozen electric razors. 

In addition to the metallurgical 
aspects of holding an edge, there is 
another factor which is seldom con- 
sidered outside the cutlery industry. 
This is the thinness of the blade, 
whether hollow ground or not. The 
farther you can get from the wedge- 
like shape of an axe toward a blade 
thinly ground back from the edge for 
a long distance, the better the cut- 
ting ability, whether shaving or 
carving. A thin blade also gives the 
illusion of better edge-holding prop- 
erties. When I was in the cutlery 
industry (knives, not razors), a com- 
mon expression by those who knew 
cutlery was “give me a good second 
for a carver”, meaning a blade that 
was too thin for sale to silversmiths. 
Although the silversmiths knew a 
good blade, a thin blade could be 
nicked or the edge turned more 
easily. 

I have found from personal expe- 
rience that stropping alone resulted 


METAL> PROGRESS 


> 
4 
| 
| 
ig 4 We 
¥ 
: 
i 
118 


for safety’s sake 
there’s Carlson Stainless Plate 
in this Spent Fuel Shipping Cask 


Spent atomic fuel is “down but not out.” Containing unused 
uranium, it still must be handled safely and surely in being moved by 
rail, boat, or truck to recovery stations throughout the country. 

Carlson Type 304 stainless steel plate was used in various parts of 
these shipping casks. Designed and fabricated by Knapp Mills 
Incorporated of Wilmington, Delaware, each cask weighs approxi- 
mately 125 tons. 

For maximum assurance—whether you build chemical, process, 


One of a group of Spent Fuel Shipping Casks 
designed and fabricated by Knapp Mills 
Incorporated for General Electric Company. 


Photo courtesy of Knapp Mills Incorporated. 


nuclear, missile, or aircraft equipment—specify 
dependable Carlson stainless steel plate. Special- GIOICARTSON lhe 


ists produce the material to meet your exact speci- 


fications. Your fabrication is easier—true-up and Producers StanGus Steel 
finish-welding is done quickly and efficiently. 128 Marshallton Road 

This, plus prompt delivery, is the total Carlson THORNDALE, PENNSYLVANIA 
service you can count on—write, wire or phone District Sales Offices in Principal Cities 


today for complete information and assistance. Plates © Plate Products * Heads * Rings © Circles © Flanges © Forgings © Bars and Sheets (Mo. 1 Finish) 
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showing 

tong center- 

ing blank be- 

tween Impacter 

dies, and indexing 

between die cavities for 
requred number of blows at 
each station. 


Scissor forgings produced 
automatically on the Impacter 
..faster, better, more uniform 


Clauss Cutlery Company, of Fremont, 
Ohio, famous manufacturer of scissors, 
shears and snips, is achieving remarkable 
results with the Cecomatic Forging 
Process, incotporating the Model “C” 
Impacter. 


Better quality forgings are produced 
faster, with reduced scrap, and less stock 
required. 


Dies last longer, scaling is reduced 
and parts dimensions vary less, greatly 
reducing mismatch of mating parts, 
according to R. W. Van Hook, Vice 
President, Clauss Cutlery Co. 


Write for details and a copy of Bulletin 
110-L-1, ‘‘Cecomatic Process for the Jobbing 
Type Production of Drop Forgings.” 


CHAMBERSBURG ENGINEERING COMPANY « CHAMBERSBURG, PA. 


CHAMBERSBURG 


THE FRANKLIN INSTITUTE’S 1961 LONGSTRETH MEDAL ‘’FOR INVENTIONS OF HIGH ORDER” WAS AWARDED THE DESIGNERS OF THE IMPACTER 
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eventually in a bevel on the cutting 
edge of a razor. Frequent honing 
on a flat stone eliminated this, with 
consequent improvement in cutting 
and a feeling of better edge-holding 
ability. I believe that the honing 
thinned the back of the razor suffi- 
ciently to allow the cutting edge to 
lose this bevel, or wedge shape, a 
few thousandths back. 

I maintain that, while metallurgy 
is important in a razor, sharpness and 
edge-holding ability depend on 
shape, section size and geometry as 
well. I feel, too, that the often heard 
remark, “A stainless steel carver 
made from 440C does not hold an 
edge as well as the old fashioned 
straight-carbon one”, is due more to 
shape and thickness than to metal- 
lurgical factors. 

WALTER M. SAUNDERS, JR. 


Metallurgical Director 
Taft-Peirce Mfg. Co. 
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the ALSOS Mission.* I have already 
written about the Jubilee of his in- 
stitute in Metal Progress (January 
1960, p. 142). I also reported the 
electron emission microscope of 
Prof. H. Diiker. At a later date he 
told me more about it and I would 
like to see one of them employed in 
this country to take advantage of its 
special features. Their new “Special 
Metals Institute” under Dr. E. Geb- 
hardt is going strong so we may soon 
have some fine contributions in that 
new field. 


Studies on Crystal Slip 


In Munich I met Prof. Heinz 
Borchers again — the last time was 
in 1945 in Weihan Stephan. He is 
the son of Geheimrat Borchers who 
was one of a small group which 
started Germany on its scientific 
career in metallurgy. In Prof. 
Borchers’ laboratory I first learned 
of Dr. Kaiser’s piezoelectric method 
of studying and recording phenom- 
ena of plastic deformation and phase 
changes. Crystal slip, even below 
the “elastic limit”, is observed, al- 
though once that occurs and the load 

*ALSOS was a secret Army mis- 


sion—its purpose was to contact 
German scientists. 
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Now! “On the mill” 


eddy current inspection 


BUDD RADAC 440 


with precise, punched- 
card programming 


Budd’s new model 440 Radac now enables precise, 
automatic eddy current inspection to be applied under 
production-line conditions by production-line person- 
nel. Proved in a wide range of ‘‘on the mill” installations, 
the Radac 440 can be used to detect surface and internal 
cracks, seams, laps, splits, holes, inclusions, weld defects 
and other types of discontinuities . . . in tubing, bars, 
flat stock and many other shapes over a wide dimen- 
sional range. All types of metals can be inspected. New 
saturation accessory allows testing of ferrous as well as 
non-ferrous metals. Results are independent of varia- 
tions in dimensions, wall thickness, temperature, chemi- 
cal composition, residual stresses and other variables. 


/NSTRUMENTS 
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The Radac 440 is an advanced, multiple-frequency 
eddy current flaw detector programmed by punched 
card. Only general knowledge of eddy current principles 
is required for reliable operation. With the punched 
cards accurately defining inspection requirements, re- 
sponsibility for reproducibility of results is placed in the 
instrument . . . thereby greatly reducing the possibility 
of human error. 

The Radac 440 features a striking array of exclusive 
new features in addition to punched-card programming. 
Full information on the 440 and other versatile Radac 
equipment is yours on request. We’ll be glad to dem- 
onstrate Radac eddy current inspection in your plant. 


THE BUDD COMPANY : P.0. Box 245 + Phoenixville, Pa. 
Consult your phone book for sales offices in: Atlanta, Ga.; Chicago, IIl.; 

Dallas, Texas; Detroit, Mich.; Los Angeles, Calif.; Seattle, Wash. 

In Canada: Budd Instruments, Ltd., 170 Donway West, Don Mills, Ont. 

Other countries: Budd S.A., 10 Avenue de la Grande Armée, Paris 17¢, France 
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DIE CASTING REPORT 


pplication: Ai 


‘Problem: To obtain a micro-smooth surface finish. 
Solution: Aquadag ® and dag ® Dispersion 193—diluted 
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water in varying ratios depending the job 
requirements; spray-applied. 


RESULT: SURFACE FINISHES ON ALUMINUM 
CASTINGS AS SMOOTH AS 40 to 60 
MICROINCHES 


Akron Gravity Die Casting Company, Akron, Ohio, has built a 
reputation on products with exceptional surface quality. These 
micro-smooth finishes . . . comparable to a tool room grind... 
have been insured by using Acheson’s ‘Aquadag’ as a parting agent 
and ‘dag’ 193 as an insulating coating. By using the materials in 
these separate functions, Akron Gravity is able to achieve proper 
metal flow throughout the die cavity — eliminating deposit build- 
up, premature solidification, and metal-to-metal alloying. As a 
— they get both better casting surface finishes and longer die 
life. 


' The consistent uniformity, quality perfor- 
mance, and versatility of Acheson mold 
coatings for metal casting, are covered in 
Bulletin No. 425. Send for your copy, care 
of Dept. MP-121. 


ACHESON — First name in solid lubricants for fifty-four years. 


ACHESON colloids company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 


Sales offices in principal cities 


Also Ach / tries (Europe) Ltd. and affiliates. London. England 
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is released, no additional signals are 
recorded until that stress is exceeded 
on subsequent loading. (I thought 
then that the availability of this 
method could have saved much time 
and expense when welded ship fail- 
ures were first being investigated 
by showing that steel was primarily 
the culprit.) 

While I was in Munich, I met 
Dr. Weigel at the University who 
showed me his new laboratory for 
studying rare earths and their com- 
pounds as well as other exotic metals 
of reactor metallurgy. 

For me a visit to Berlin was man- 
datory, since it is the home of one 
of my alma maters. My old pro- 
fessors had all departed but I found 
a new and active group as replace- 
ments. The old Technische Hoch- 
schule, renamed the Technical Uni- 
versity, is nearly completely rebuilt 
— inside as well as outside. 

I also visited the Bundesanstalt fiir 
Materialpriifung at Berlin-Dahlem. 
This brought up an interesting inci- 
dent associated with Adolf Martens, 
cofounder of metallography with 
Sorby. As students at the Tech- 
nische Hochshcule in 1912, Paul 
Merica and I went religiously to the 
old Materialpriifungsamt in Dahlem 
to attend the lectures of Geheimrat 
Martens on testing materials. He 
was founder and director of the in- 
stitute. Upon writing to Prof. M. 
Pfender, the present head, to arrange 
a visit, I mentioned that earlier ex- 
perience. Much to my surprise I 
received word that I was the only 
survivor who had known Martens 
and was asked to write my personal 
impressions for their archives. 

Prof. Pfender is carrying on in 
fine style, with the notable addition 
of strong sections for nondestructive 
testing and basic investigations in 
specific fields. 

New Fatigue Testing Machine 

In the testing field I was greatly 

impressed by a new design of fatigue 


testing machine which can handle 
anything from small wire to huge 


crankshafts. These’ machines use 


the vibrating principle which was 
devised, I believe, by R. Weck of 
the British Welding Research Associ- 
ation. (An article by Dr. Weck, on 
Soviet welding developments, based 
on a trip to the U.S.S.R., will ap- 
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MARQUARDT INTRODUCES... 


vue 


UNIVERSAL TESTING MACHINE 
THAT LIVES UP TO THE NAME 


Now you need only one machine to answer the full 
range of current or projected testing requirements. 
With this truly universal automatic test machine 
you can accurately perform tension or compression 
tests at uniform strain or load rates, and bending, 
creep, creep-relaxation, recovery, fatigue, cycling, 
hysteresis, shock, time delay to yield tests, or any 
test requiring the application of a precisely known 


For details write: 
Manager-Marketing 
16556 Saticoy Street 

Van Nuys, California 


DECEMBER 1961 


and controlled force or true strain on any material. 
@ Heart of the TM-6 is a closed loop, high response, 
servo-controlled, hydraulic loading system and is 
available in ranges of 42 grams to 15,000 Ib., 25,000 
lb., or 50,000 Ib., with a hydraulic power stroke of 
12 inches. Completely automatic operation over ex- 
tremely wide ranges is achieved by advanced design 
emphasizing ease of operation, reliability, accuracy. 


CORPORATION 
Corporate Offices, Van Nuys, California 
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Make 
SHALLOW 


Measurements 
ACCURATELY-¢ 


Wilson Rockwell Superficial 
Hardness Tester 


e Wilson Rockwell Superficial hardness testers are used to measure 
surface hardness, coatings, thin metal or thin hard cases. The hardness 
test is based on a penetration of less than .005”, and Wilson Superficial 
testers have the precision and ease of operation to give accurate readings 
every time. 

Accurate—Precision-built for consistently correct results. Knife-edge bearings 
provide near-frictionless operation. 


Easy to operate— Controls conveniently grouped —oil dash-pot system provides 
smooth load application. 


Long lasting—Simple design, rugged construction make Wilson Superficial test- 
ers as durable as a machine tool. 


Complete line available —Wilson Rockwell hardness testers and accessories 
are available in a wide variety for every hardness testing function. 


Wilson "Brale” Di d P. Write for detoils—Ask for Cat- | 
Each diamond is cut to an exact alog RT-58. It gives complete — 4 
shape. A comparator check and informationon the Superficial cages ' 
microscopic inspection of each tester as well as on the full eugene 
diamond assure perfect readings line of Wilson Rockwell and 
every time. hardness testers. | 


WILSON "ROCKWELL 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 

American Chain & Cable Company, Inc. 

230-F Park Avenue, New York 17, New York am 
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pear in the Tenth International Issue 
of Metal Progress next month. ) 

Nondestructive testing is a live 
subject in Germany. A knotty prob- 
lem is that of identifying ultra- 
sonic signals from defects, coarse 
grains, segregations and the like. 

Plasma research is followed both 
theoretically and experimentally by 
a small group in Germany. The for- 
mer is headed by Prof. G. Ludwig 
at the Free University Berlin. The 
cbjective is understanding plasma 
and boundary layer phenomena in 
support of the applied research. Ap- 
parently the study of re-entry prob- 
lems is of special interest though the 
theories are not yet ready to define 
the properties which materials must 
have for the best performance. 


Research in Scientific Metallurgy 


The new Frankfurt laboratory of 
Metallgesellschaft would be of spe- 
cial interest to those who are inter- 
ested in research by industry. Large 
and adequately equipped with the 
tools of modern research and de- 
velopment, it is under the direction 
of Dr. Max Hansen, well known 
here as a member of the Armour 
Research Foundation and now a di- 
rector of Metallgesellschaft. His 
work exemplifies an approach to the 
“new metallurgy” with emphasis on 
facilities for scientific research. 

High on the list of research insti- 
tutes is the famous Max Planck In- 
stitut fiir Eisenforschung at Diissel- 
dorf. Prof. Franz Wever is now a 
“Senator” of the governing body of 
all Max Planck Institutes and his 
successor as director is my old friend 
Prof. Wiily Oelsen. I asked for my 
instructor in microscopic technique 
at Charlottenburg, Dr. (h.c.) An- 
gelica Schrader, referring to her as 
“queen of metallographists”. Prof. 
Oelsen said the “queen” would come 
soon but that I must also meet the 
“crown prince”, a young man who 
would soon take over her position. I 
can only say that the young man has 
some large size shoes to fill (with due 
apologies to Dr. Schrader, who is 
petite) but he has what we call 
“desire”. 

The work in electron microscopy 
and on the identification of tiny pre- 
cipitates is excellent and supports 
work in other divisions. One example 
is the broad investigation of fatigue 
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Give steels that extra‘edge” with Vancoram Columbium Alloys 


Gleamiag stainless, carbon steels, high-temperature alloys, and rugged low-alloy constructional steels all develop 
improved properties when they’re made with Vancoram Columbium Alloys. To give austenitic stainless steels 
better weldability, and to promote formation of stable columbium carbides, use Vancoram Ferrocolumbium. 
In straight chromium stainless, addition of Ferrocolumbium will prevent “roping,” and in carbon and low- 
alloy constructional steels columbium improves strength. Both the regular Vancoram Ferrocolumbium and 
Thermocol® Exothermic Ferrocolumbium provide extremely low, controlled tin residual and high columbium 
content. Thermocol permits large additions of alloy with minimum heat loss, and its high recovery (often 
over 90%) means lower production costs. See your VCA Representative or write for full details. Vanadium 
Corporation of America, 420 Lexington Avenue, New York 17, N. Y. - Chicago - Cleveland - Detroit - Pittsburgh 


CORPORATION OF AMERICA 


Producers of alloys, metals and chemicals 


DECEMBER 1961 Circle 2185 on Page 48-B 


= @ 
| 
; 
125 


THESE MIXERS ARE KICKING UP A calculated STORM 


If you could see through the wall of 
this large rectangular tank, you'd 
think you were looking at a slice 
of ocean in a hurricane. 

Ten 25-hp LIGHTNIN Mixers— 
five on each side of the tank—are 
causing all that turbulence. Reason? 
To quench large gears without 
cracks, without warps, and without 
rejects. 

But unlike rough seas, the agita- 
tion in this quench bath is far from 
wild and uncharted. It is scientif- 
ically measured turbulence of a 
specific flow velocity, tested and 
known to bring out the best of the 
desired qualities of the product in 
work. Heat extraction is always 


uniform. Results are predictable 
and fixed. 

Tailored turbulence such as this 
is made possible only by the careful 
correlation of the quenchant flow 
rate with the as-quenched proper- 
ties of the product. 

Our application engineers can 
help you draw such a correlation in 
your quenching operations. They'll 
specify the appropriate mixers and 
cooperate in the design of the tank. 


For information, write us or call 
your LIGHTNIN Mixer representa- 
tive listed in Thomas’ Register and 
in the yellow pages of your tele- 
phone directory. 


Mixers. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT CO., Inc., 171-NMt. Read Bivd., Rochester 3, N.Y. 


In Canada: Greey Mixing Equipment Ltd., 100 Miranda Avenue, Toronto 19, Ont. 
In Europe: Lightnin Mixers Ltd., Poynton, Cheshire, England 
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by Max Hempel. This also illustrates 
the “team work” which is supplant- 
ing the solo performance of individ- 
uals. For example, the electron 
microscope technique is needed to 
determine the precise way that the 
fatigue crack initiates. Dr. Hempel 
has a large-scale study of fatigues 
in progress, including fatigue and 
superimposed creep at elevated tem- 
peratures. This is shedding light on 
how composition, dislocations and 
the fine points of structure affect 
metal behavior. 


Research on Steel at Krupp 
When I visited the Krupp works 


in Essen some years ago, it was a 
hideous ruin, but it is now back in 
business (although not in munitions) 
as a symbol of Germany’s recovery. 
The main steel laboratory is at 
Rheinhausen, while the Krupp re- 
search laboratory at Essen is asso- 
ciated with the Widia plant. A 
large portion of the research program 
consists of studies of plant and devel- 
opment problems under the director, 
Dr. Otto Riidiger. Steel quality and 
production costs are always impor- 
tant — I believe that explains a major 
effort on deoxidation practice and 
reaction products. 

A feature was the recovery and 
examination of products which do 
not remain in the steel. From the 
detailed studies of ion nitriding and 
spark machining, it would appear 
that technological processes of their 
complexity require great effort for 
full exploitation in practice. Other 
interesting work was that on titanium 
and its alloys, the formation of pas- 
sive films, vapor pressure and reac- 
tions at high temperatures. They also 
produce stainless tubing for reactor 
applications with a 0.004-in. wall 
which was said to perform better 
than zirconium. 

A highlight was a visit with Dr. 
Josef Hinniiber, director of Krupp’s 
Widia plant. We had never met but 
we had a grand time reminiscing on 
Carboloy of General Electric and 
Widia of Krupp. We were in good 
accord and well pleased with our 
early recognition of the potential 
value of the (then) new tool and 
die material and our association with 
its technica! and commercial devel- 
opment. He recalled my 1928 paper 
on Carboloy given at the A.S.S.T. 
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OK) NUCLEAR GRAPHITE NEWS 


from NATIONAL CARBON COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17, N. Y. 
OFFICES: Birmingham, Chicago, Houston, Los Angeles, New York, Pittsburgh, San Francisco. in Canada: Union Carbide Canada Limited, Toronto 


NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 

@ RESISTS THERMAL SHOCK 

@ EASILY FABRICATED 

e@ HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 


NUCLEAR GRAPHITE RESEARCH COVERS 
ALL PHASES AT NATIONAL CARBON 


Three-quarters of a century of expe- 
rience in carbon/graphite, and serv- 
ice to the nation’s nuclear program 
since its beginning, are behind the 
research and development continu- 
ally in progress at three laboratories 
of NATIONAL CARBON. 

Extensive study of irradiation ef- 
fect on graphite; development of 
higher purity and lower permeability 
graphite; the production of larger 
monolithic blocks; carbon-coated fuel 
particles; graphite matrix fuel ele- 
ments; new techniques for close-tol- 


| 


erance machining, are all subjects | 
receiving constant effort at National © 


Carbon Company. 

Through its combination of unsur- 
passed research, engineering, and 
production facilities for nuclear 
graphite, NATIONAL CARBON is fully 
equipped to meet the special needs 


of the industry. NATIONAL CARBON | 


plication of graphite. 


invites discussion of any potential ap- | NATIONAL CARBON COMPANY 
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Building of Test Reactors Continues 
Under University Research Programs 


This graphite reflector for a test reactor is similar to the type now being 
constructed for the Georgia Institute of Technology by O. G. Kelley & Company 


More and more colleges and univer- 
sities are expanding their research 


programs to include nuclear reactors. 


One of the latest additions at the uni- 
versity level is the nuclear facility now 
under construction on the grounds of 
the Georgia Institute of Technology 
in Atlanta, Georgia. 

Nuclear graphite from NATIONAL 
CARBON is used in the reflector, which 
is similar to the type shown in the 
above illustration. 

The Georgia Tech Research Re- 
actor was designed to satisfy as many 
requirements in a broad research pro- 
gram in nuclear science as possible. 
Its breadth of utility not only em- 
braces classroom practices and ma- 
terial testing, but also serves as a 
basic research instrument for ad- 


“National” and ‘‘Union Carbide’’ are registered trade-marks for products of 
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vanced experimentation, including 
medical research. 

The Georgia Tech reactor is very 
similar to the CP-5 Argonne Research 
Reactor and, in some respects, the 
MIT reactor. It will have an initial 
power rating of 1000 kw, with an 
eventual capacity of 5000 kw. 

Since its pioneering use in the first 
reactor at Stagg Field, University of 
Chicago, “National” nuclear graph- 
ite has been increasingly employed 
in applications such as: moderator, 
reflector, thermal column, fuel ele- 
ment concepts, and control rods. Ex- 
tremely resistant to thermal shock, 
and with no danger of melt-down, 
graphite is the logical solution to the 
higher-temperature reactors of the 
future. 


UNION 
CARBIDE 
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SUBJECT: 


sulfur 


in steel... controlled and uncontrolled 


Unlike most other elements, sulfur is always present in solid steel as 
non-metallic inclusions. They are complex, consisting of sulfides of 
iron, manganese and other elements. As a further complication, oxygen 
content of the steel also plays a role in sulfide formation. Thus a study 
of sulfur in steel is not limited to a single phase diagram, but must 
deal with a very complex system. Consider, too, that the high tempera- 
ture sulfides, such as those of manganese, have a melting point higher 
than tap temperature of most steels. Others have low melting points, 
and crystallize during ingot solidification. 


Effects of Types of Inclusions Upon Steel Is Predictable 


Hot shortness—the breaking up of ingot surfaces during rolling—is 
largely due to the presence of iron-rich sulfides. They have a low 
melting point, are liquid at rolling temperatures, and form in grain 
boundaries. When steel is hot-worked, the surface breaks open in areas 
where these sulfides have become liquid and weakened the steel at 
grain boundaries. The only way to counteract this problem is by insur- 
ing formation of manganese sulfide inclusions which have a higher 
melting point, and form across grain boundaries. 


Sulfur Is Added Deliberately to Steels to Improve Machinability 


Sulfides provide planes of weakness along which cutting tools can move 
easily with less friction than in low-sulfur steels. Both type and shape of 
inclusion determines effectiveness of sulfur. Thin, stringer-type inclu- 
sions, or sulfides with silicate “tails”, are not as effective in promoting 
machinability as inclusions with a globular shape. 


Foote Offers Manganese Alloys to Add Sulfur, Oxygen 


Foote has been searching continually for solutions to the problems 
associated with sulfur in steel. Foote markets a manganese sulfide alloy 
for steel addition which insures that all added sulfur is combined with 
manganese, and cannot form undesirable iron-sulfur inclusions. Foote 
also offers Mansulox", an oxygen-bearing manganese-sulfur, adding 
needed oxygen to the heat to help formation of globular inclusions. 


Since resulfurized steels have a tendency to poor surface, they are 
especially susceptible to regular practices which affect surface tap tem- 
perature, pouring practice, mold preparation, especially important in 
these grades. Therefore, the proven beneficial effects of electrolytic man- 
ganese on surface can be especially important in resulfurized steels. 
The extra cost is more than paid for by savings in conditioning time. 


For further information, write Tech- 
nical Literature Dept., Foote Mineral 
Company, 424 Eighteen West Chelten 
Ave., Philadelphia 44, Pa. 


FOOT 


MINERAL COMPANY 
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(now A.S.M.) meeting in Philadel- 
phia. 

Many more visits were made cov- 
ering a wide range of subjects. In 
Hanover, Prof. Alexander Matting 
studies fatigue and the progress of 
the facigue crack, aluminum welds, 
gray iron welds, thermal shock, gal- 
vanizing versus internal _ stresses, 
reactor corrosion, weld metal with a 
low E value, quality of spot welds, 
flame plating and bonding, glass 
fiber reinforced plastics. 

At Braunschweig, Prof. E. Justi 
works in metal physics, on cry- 
ogenic behavior, ultrahigh magnetic 
fields, zone melting, metal whiskers, 
effects of gases on metals, a quick 
method for establishing TTT dia- 
grams and transformations on con- 
tinuous cooling while fuel cell devel- 
opment has been a special interest. 
Prof. W. Hofmann studies cold weld- 
ing in great detail, explosive welding, 
and other welding problems while he 
has a device which records tempera- 
ture and shrinkage simultaneously 
as the HAZ of a weld cools. 

Prof. Giinter Wassermann in 
Clausthal, well known for his work 
on structure, headed the Vienna 
meeting of the German Metallurgical 
Society (Institut fiir Metallkunde) 
which dealt with strueture and grain 
boundaries. His research oriented 
this way, but he is enlarging his fa- 
cilities to handle a broader program. 

At the University of Géttingen 
I witnessed the passing of the famous 
laboratory of Tammann and Masing. 
The chair was occupied by Prof. 
R. Vogel who was Tammann’s 
assistant at the time of my first 
visit there in 1912 but he is retiring. 
He has determined numerous ter- 
nary diagrams and is very proud of 
the accuracy with which he calcu- 
lated the dimensions of the core and 
crust of the earth from pertinent 
constitution diagrams. His work on 
phosphorus and sulfur diagrams 
helps to understand the conditions 
for obtaining steel of greater purity. 
The new or replacement laboratory 
at Gottingen is devoted to metal 
physics and dislocations. 


Metallurgy of Explosive Forming 


The metallurgical faculties in 
Aachen are headed by Prof. Her- 
mann Schenck, who is also president 
of the Verein Deutscher Eisenhiit- 
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22,500 VOLT “‘SEARCHLIGHT" 
Constantly Watches 


ZINC QUALITY 


A blazing high voltage arc which illumines the composition 
of metal is part of the modern scientific equipment St. Joe 


uses to insure unvarying zinc purity. 


Samples of every heat of St. Joe zinc are analyzed by the 
Direct Reading Spectrometer. The samples are placed in 
the Spectrometer electrode holders and the extremely 

high voltage creates an arc between them. As elements 
are vaporized, light from the arc is broken into element 


lines of varying light energy. 


This energy, directed to photomultipliers (photosensitive 
electronic tubes), is converted to electrical energy which 
actuates precalibrated dials (see photo) that indicate 
elements directly IN PERCENTAGES! In five minutes 
the zinc sample can be completely analyzed for iron, 
lead, cadmium, copper, aluminum, indium, tin, antimony, 
silicon and magnesium. Two minutes later, casting room 
operators know whether or not they are holding critical 
purity specifications. 

Stringent, continuous quality control backed by St. Joe’s 
reputation as a supplier of quality metal is your assurance 


of consistent die casting results from St. Joe 99.99 + % zine. 


ZN-190 
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ST. JOSEPH LEAD CO. 
250 Park Avenue « New York 17, New York 
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This mark tells you a product / 
is made of modern, dependable Steel +o 


Extrusion Press Gets Billet-Proof 


(iss) Forged Jacket 


Only a forging provides the ultimate combination of 
strength, toughness and soundness needed for an 
extrusion press container assembly like this one for 
the Dow Metal Products Company Division of the 
Dow Chemical Company. This two-piece USS 
Quality Forged assembly, in use in ““Dow’s” 14,000- 
ton-capacity horizontal extrusion press, withstands 
tremendous forces exerted by the ram during extru- 
sion of magnesium and other nonferrous shapes at 
temperatures up to 900°F. 

The photograph at the left shows the massiveness 
of the 40-ton alloy steel container jacket (viewed 
from the ram end) and its smaller, 8-ton tool-steel 
“liner” that measures 4034” OD x 2514” ID x 75” 
long. Although what you see in the photograph looks 
like one piece of steel, it’s actually two: one large 
sleeve (the container jacket) “shrink-fitted” over a 
smaller, bored cylinder (the “liner” ). However, the 
most important aspects cannot be photographed. 

Forgings for applications such as this one must 
start with the highest quality electric furnace ingots, 
be expertly forged, and then receive skillful heat- 
treating and very accurate machining. The eighteen 
314”-diameter electric heater holes (partially ob- 
scured by a circular cover plate) drilled completely 
through the 75” length of the hardened container 
jacket, and the careful shrinking of the jacket over 
the liner, are only two such examples of the preci- 
sion work we have in mind. 

This same careful attention to detail will be 
applied to your order by all the men in our Forgings 
Division. United States Steel produces Quality 
Forgings for such applications as drop hammer and 
press parts, rolls and sleeves, turbine and generator 
rotors, propulsion and shipshafting, and miscellane- 
ous medium and heavy forgings. For more informa- 
tion, contact our nearest district sales office or write 
United States Steel, 525 William Penn Place, 
Pittsburgh 30, Pennsylvania. USS is a registered 
trademark. 


United States Steel Corporation * Columbia-Geneva 
Steel Division * Tennessee Coal and Iron Division 
United States Steel Export Company 


United States Steel 


Because metals are your business... 


because a thorough working knowledge of the latest and most 
effective means to join metals by welding will increase your own effectiveness... 


Jom ©} The American Welding Society... 


founded in 1919 to advance the art and science of welding 


All men in metal fabrication — engineers, metallurgists, 
supervisors— YOU—will benefit from: 


The Welding Journal+—foremost monthly magazine in the world on the 
latest developments in welding 


The Welding Handbook +——“Bible” of the Welding Industry 


Variety of technical publications and daily technical assistance to help solve 
your welding problems 


Participation in local, national and international AWS and IIW meetings 


TIncluded with AWS membe rship—available at nominal charge to non-members 


Experts in every field of welding contribute time, material and effort to make the 
WELDING HANDBOOK the “Bible” of the industry. 


It’s the most authoritative source of welding information available, containing 
up-to-date technical knowledge, profusely illustrated, tabulated and indexed. 


Material has been drawn from hundreds of sources: company files, technical com- 
mittees, research and testing laboratories, technicz! papers, journals, textbooks, 


engineering publications, foreign translations, codes and standards. 


Section 5—A pplications of 
Welding—will be published 
January 1962 


To: American Welding Society, United Engineering Center, 345 East 47 Street, New York 17, N.Y. 


NAME 
_ TITLE 
COMPANY 


Please send me, - alist of AWS publications 
without cost or 
obligation, further ‘formation on AWS Membership 


informationand (information on Journal Subscription. avpress 
literature on ADDRESS 
items checked. () information on Welding Handbook CITY & ZONE STATE 
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GLOBAR’ elements used in 
unique vacuum brazing furnace 


Brazing of stainless steel] honeycomb aircraft and missile structures 
is handled at Grumman Aircraft Engineering Corp. by a unique For precise, economical 
vacuum furnace, manufactured by F. J. Stokes Corporation. The new electric 
equipment eliminates the need for enclosing the work in an air-tight 
metal envelope, saves better than $40,000 a month in the cost of heating ~~ 
argon gas previously needed for inert-atmosphere brazing and results 
in work with enhanced physical properties. 
The success of the unit depends in large part on the flexibility of 
bs furnace design made possible by GLOBAR silicon carbide electric * 
my heating elements. The photo above shows the under side of the 
upper heating frame, with its 60 specially designed U-shaped GLOBAR heating elements 
elements. This is hydraulically lowered on a bed frame, similarly Standard straight-type ele- 
equipped with 60 additional GLOBAR units. The work is sandwiched ments shipped from stock or 
between the frames. Sealing the two sections provides the furnace within two weeks. 


chamber, which is evacuated to a pressure of less than 0.5 microns. Temperatures from 1489 te 
2800 F, precisely controlled, 


U-shaped 


GLOBAR 
silicon carbide 


Controls provide 10 transverse heat zones throughout the 6° x 10° independent of atmosphere. 

. length of the furnace. Temperature is precisely regulated during the * Regular elements used in 
various cycles of soaking, brazing, cooling and re-heating to produce most furnaces are easily re- 

the desired physical properties. Brazing temperature is 1640° F. Devel- placed from outside without 


opment of this unique furnace opens a wide field of possible applica- waiting for furnace to cool. 
“On line” operation for many 


tions in handling difficult brazing and heat-treating problems. It also hicati aadaal 
ic emphasizes the unusual potentialities of electric heating with a egies 
7 GLOBAR elements. Why not investigate their advantages for your Type AT elements 4” to 105” 
particular job? Consult your furnace builder or write to Refractories in length. 


Div., Globar Plant, Dept. MP-121, Carborundum Go. Niagara Falls, N.Y. For greater economy in heat 
treating, brazing, forging, 
melting and sintering. 


CARBORUNDUM 
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1,200,000 Ib. Super “L” 
proves its mettle at PTL 


Largest testing machine ever built for a commercial facility, this 
Tinius Olsen Super “L” used by Pittsburgh Testing Laboratory 
handles huge specimens and assemblies with scarcely a tremor. Its 
four screw construction provides exceptional stability — even for off- 
center loads. The hydraulically operated grips assure positive gripping 
action beyond machine capacity. Loads are indicated with unsur- 
passed accuracy on the large Selec®range dial. 

PTL naturally turned to Tinius Olsen for this giant. Acknowl- 
edged leader in high capacity testing machines, Olsen is equally well 
recognized for equipment engineered to meet all precision testing 
requirements. Details are given in Bulletin 64. Tinius Olsen Testing 
Machine Company. 


TINIUS- ‘OLSEN 


2030 Easton Rd. 
2 Willow Grove, Pa. 
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tenleute. His laboratories reflect a 
wide range of interests from the new 
melting and foundry laboratory to 
metal physics. Prof. Schenck was 
away at the time of my visit but Prof. 
Schmidtmann, head of the steel sec- 
tion, showed me their facilities for 
all kinds of steel research. A new 
departure is their program on ex- 
plosive forming; he hopes to isolate 
the properties and characteristics 
which a starting material must have 
for this method. As at other universi- 
ties, the approach to steel research is 
sophisticated compared to the past. 
An example is their study of case 
carburizing and the influence of 
ultrasonics and internal stresses. 

The theoretical load at Aachen is 
carried by Prof. K. Liicke. (He 
spent a year at Brown Uni- 
versity and discovered a charming 
American who is now Frau Prof. 
Liicke). His field is metal physics 
and he has a sizable program. Struc- 
ture and dislocations play a promi- 
nent role yet the problems are 
technically important, such as re- 
crystallization, boundary effects and 
grain growth, technical deformation 
and forming processes, damping and 
radiation damage and the effects of 
radiation on phase equilibria. 

Prof. F. Bollenrath is also at 
Aachen. He is the German repre- 
sentative on the Structures and 
Materials Panel of AGARD, the ad- 
visory group for air and space 
research and technology which was 
established by Prof. von Karman. 

Most other visits were equally im- 
pressive but I will mention only one 
more, to Dr. F. Forster. He had 
recently built a second plant for pro- 
duction and uses his first one largely 
for development. 

During similar visits in Sweden, 
Spain, Belgium, Austria and Switzer- 
land, I found both examples of the 
“old” or conventional work and also 
new laboratories and younger staff 
members for work in the “new” 
metallurgy. There are many new 
materials and applications, while 
service conditions of stress, tempera- 
ture and operating mediums are both 
new and severe. Due in part to 
our support of research and in part 
to interest in the problems, workers 
in these countries operate very simi- 
larly to their fellow workers else- 
where. 
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yours free, if you can use it 


If you are one of the relatively few, highly skilled engineers in America today whose job requires a knowledge 
of the mysterious, highly specialized alloys used in magnetic, electronic and electrical applications, you'll want 
this new 64-page booklet. 

In it are the two kinds of vital information about these alloys electronic designers need most today—what they 
will do and where you can get them, fast. 

The technical data and case histories for this booklet were compiled by the metallurgical staff of The Carpenter 
Steel Company. They’re giving you, free, the benefits of their own wide experience in producing the largest 
selection of these highly specialized alloys ever available from any one steelmaker. 

In fact, there isn’t a single Carpenter alloy mentioned in this booklet that you can’t get in quantity right now. 
These same skilled, experienced men are also availatFie for work on special problems with alloys for electronic, 
magnetic and electrical applications. 

Get your free copy of this booklet—and get in touch with the men who wrote it—by sending your request today 
on your company letterhead. The Carpenter Steel Company, 133 W. Bern Street, Reading, Pa. 


| [arpenter steel 


you can make it consistently better with Carpenter Specialty Steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Export Dept., Port Washington, N.Y.—““CARSTEELCO” 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, North Brunswick, N. ]. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Henry H. Hausner 


Henry H. Havusner, well-known 
for his work on nuclear materials 
and powder metallurgy, has been 
appointed to the staff of the Ilikon 
Corp., Natick, Mass. Ilikon Corp. 
was formed about one year ago with 
emphasis on space materials and 
their fabrication. Its ultrahigh vac- 
uum equipment permits outer space 
simulation for practically any testing 
purpose. The new types of mate- 
rials now developed by Ilikon are for 
high-temperature applications, but 
work is also planned in develop- 
ment and production of materials 
for nuclear uses. Dr. Hausner’s 
background includes investigation 
of powder metallurgy of reactor met- 
als at Sylvania Electric Products 
Corp., Bayside, L. L., and more re- 
cently powder metallurgy work as 
vice-president at Penn-Texas Corp., 
New York. 

He received his metallurgical edu- 
cation in Vienna and later took 
charge of the laboratory of Elix 
A. G. there, one of Austria’s leading 
incandescent lamp factories. 
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Immigrating to America in 1940, 
he worked with American Electro 
Metal Corp. for three years and then 
joined General Ceramics and Stea- 
tite Corp. as chief engineer. Here 
he attempted to combine ceramics 
and metals, and as a result pub- 
lished one of the first papers on 
“cermets”. Turning from cermets 
to powder metallurgy, he joined Syl- 
vania Electric Products Corp., in 
Bayside, L. I. 

Active in technical societies not 
only here but abroad, he is president 
of the International Plansee Society 
for Powder Metallurgy of Reutte, 
Austria. He also finds time to act as 
adjunct professor at the Polytechnic 
Institute of Brooklyn. 


James K. McLaughlin — from as- 
sistant division manager to vice- 
president in charge of the Youngs- 
town Div., Ajax Magnethermic 
Corp., Youngstown, Ohio. 


Franz R. Hensel—from_ vice- 
president of engineering for P. R. 
Mallory and Co., Inc., Indianapolis, 
Ind., to executive vice-president of 
Clyde Williams and Co., Columbus, 
Ohio, and president of the Clyde 
Williams Corp., an_ international 
company providing research, tech- 
nical information, investment ad- 
visory and management services in 
the United States and Europe. 


Charles H. Harton — from Cleve- 
land district manager to Florida 
manager for Carpenter Steel Co., 
Reading, Pa. 

Robert William Freeman — now 
wire metallurgist in the Colorado 
Fuel and Iron Corp., Buffalo, N.Y. 
plant. 


Harold J. Read 


At its 48th annual convention in 
Boston, the American Electroplat- 
ers’ Society presented to HAROLD } 3 
Reap, professor of physical metal- 
lurgy at Pennsylvania State Univer- 


sity, the Charles Henry Procter Me- 


morial Leadership Award. The 
award, including an honorarium of 
$150, is made for “distinguished 
leadership and conspicuous deeds 
furthering the objectives of the So- 
ciety, enhancing its value to indus- 
try, branches and members, and ex- 
panding its dignity, prestige and 
progress”. Dr. Read studied at the 
University of Illinois, receiving his. 
bachelor’s degree in 1934 and his 
master’s in chemistry the next year. 
He went on to the University of 
Pennsylvania as a graduate student 
and assistant instructor and received 
his doctorate in physical chemistry 
in 1939. He remained at the Uni- 
versity as an instructor in electro- 
chemistry and quantitative analysis 
until 1940 when he went to the 
Mellon Institute in Pittsburgh. His 
work there tended more and more 
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98% or more of the charge is converted to molten metal in AM 
Induction Melting furnaces. This high recovery rate, together with 
negligible alloy losses and simple temperature control, produces 
quality metal at a low cost from chips, borings, turnings and other 


scrap material. 

J Siduclton Alealing our 
Magnethermic 


CORPORATION 


GENERAL OFFICES P.O. Box 839 + Youngstown 1, Ohio 
TRENTON DIVISION 930 Lower Ferry Road + Trenton 5, New Jersey 
YOUNGSTOWN DIVISION 3990 Simon Road + Youngstown 12, Ohio 
AJAX MAGNETHERMIC CANADA LTD. Box 779 + Ajax, Ontario 


Cage Coreless Furnace powered’by a 300 KW Multiductor, 


You Get Better Results 


IN 
HEAT TREATING! 


@ Use the NIAGARA AERO® HEAT 
EXCHANGER to control the temper- 
ature of your quench bath and you re- 
move the heat at its rate of input, always 
quenching at the exact temperature that 
will give your product the best physical 
properties. 


The Niagara Aero Heat Exchanger the temperature of all fluids, gases, 
transfers the heat to atmospheric air, water, oils, solutions, chemicals 
for processes and coolants for me- 


air by evaporative cooling. It ex- 
tends your quenching capacity chanical and electrical equipment. 
You get closed system cooling, free 
from dirt and scale. 


Write for Bulletins 120, 124, 132 


without using extra watcr. It pays 
for itself with water savings. 


You can cool and hold accurately 


NIAGARA BLOWER COMPANY 


Dept. MP-12, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of U. S. and Canada 
Circle 2195 on Page 48-B 


SAVE YOU MONEY — Since we are able to work to 
lighter sections, PSC all-sheet alloy equipment costs 
you less than cast units. This light-wall construction 
saves in freight and handling time as well as in fur- 
ss24 nace time and fuel. Let us also save you 
by repairing your radiant tubes, 
retorts and inner covers. 
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toward metallurgy and in 1945 he 
accepted a post at Pennsylvania 
State University as associate profes- 
sor of metallurgy, and was appointed 
professor of physical metallurgy in 
1951. 


Robert A. Lubker — from director 
of research and development to vice- 
president of research and develop- 
ment, Alan Wood Steel Co., Consho- 
hocken,. Pa. 


Bentley Brown — transferred from 
manager of the technical division at 
Northwest Nitro Chemicals Ltd., 
Medicine Hat, Alberta, to Terre 
Haute, Ind., where he will continue 
his work with the parent company, 
Commercial Solvents Corp. Mr. 
Brown was secretary of the Medi- 
cine Hat Chapter @. 


Roger L. Hosfield—from chief 
engineer, Grieve-Hendry Co., Inc., 
Chicago, to product manager of the 
oven division of Hevi-Duty Electric 
Co., division of Basic Products Corp., 
Watertown, Wis. 


J. T. Wood—from warehouse 
manager in Miami, Fla., for Crucible 
Steel Co. of America, Pittsburgh, to 
tool steel development engineer for 
Crucible’s Atlanta, Charlotte, Miami 
and Tampa sales branches, with 
headquarters in Miami. 


Louis Kettler — appointed research 
engineer on the staff of American 
Zinc Institute-Lead Industries Asso- 
ciation expanded res-arch program 
in New York. 


Charles P. McShane — from cus- 
tomer technical service engineer for 
the Midwest area to manager of 
technical services, tool steels, for 
Crucible Steel Co. of America, 
Pittsburgh. 


Clarence C. Hanson — from vice- 
president in charge of sales to vice- 
president and general manager of 
the Trenton (N.J.) Div. of Ajax 
Magnethermic Corp. 

Jerome J. Kizior — joined Taussig 
Associates, Chicago, as chief metal- 
lurgist. 

Julius R. Toth — elected secretary 
of AT Electronics, Inc., New Haven, 
Conn., a newly formed subsidiary of 
American Tube Bending Co. He 
will also serve as comptroller. 
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we made both look better 


New Hevi-Duty tray-loaded processing ovens (to 1250° F.) combine 
attractive appearance with easier maintenance, greater efficiency 


Beneath the attractive, 14-gage steel exterior of 
these new ovens, you'll find a host of design refine- 
ments that simplify maintenance . . . improve effi- 
ciency and reliability. 

You can get at the entire circulating and control 
system by releasing just one captive screw and one 
panel. For greater efficiency, a high-volume, cross- 
flow circulation pattern assures uniform heat trans- 
fer with minimum temperature drop. To simplify 
material handling, tray supports are spaced six 
inches apart. Standard trays can support a load of 
twenty pounds per square foot. 

Another refinement: heating, control and circu- 
lation circuits are individually fused. Magnetic 


H-44-61 
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starters provide low-voltage dropout protection for 
electric motor circuits. 

These new ovens are available in electric and 
gas-fired models, in temperature ranges of 600°, 850° 
and 1250° F. Many models are carried in stock. 
Request Bulletin 7101. For information on the 
complete line of Hevi-Duty ovens for industrial and 
laboratory applications in both gas-fired and elec- 
tric models write Hevi-Duty, Watertown, Wis. 


Hevi-Duty 
~ A Division of 


Basic Products 
Corporation 


Electric and Fuel-Fired 
Industrial Furnaces and Ovens 
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. . - for hardness tests on 
regular and irregular shapes 


anywhere, quality conscious 
companies depend on the 


In every industry — from 
Foundries to Missile Pro- 
ducers, you'll find the 
King Portable at work in- 
doors or on location with 
complete reliability. Al- 
ways accurate, the King 
Portable permits hardness 
tests into small, cramped 
spaces as well as on big 
components near heavy 
vibration. 


Special Features Include: 

@ Loads from 622 Kg. to 
full 3000 Kg., 5mm or 
10 mm ball 

@ Gap Size: 10” — 1344” 
30” with 4” throat 

@ Lightweight, yet rugged 
for long service 


Get complete information now 
by writing for literature. 


TESTER CORP. 
Ki iy Hamilton at 13th St. 
PHILADELPHIA 23, PA. 
Known the world over for accuracy and de- 
pendability + Representatives in principal cities 
Circle 2198 on Page 48-B 


Hot-Work 
Tool Steels 


For Every Need 


When you need Hot-Work Tool Steels, for standard or 
severe applications, turn to UDDEHOLM for a superior 
Swedish quality to satisfy your most exacting requirements. 
Our mills in Sweden produce grades that have exceptional 
toughness, will retain high hot-hardness and resist heat- 
checking, to give long production runs. 


Specify these grades for economy with UDDEHOLM Swedish Quality! 
For Brass and other high-temperature alloy Die Casting, Hot Press Forging and 
Hot Extrusion Dies — UDDEHOLM’S exclusive UHB CALDUR e UHB CALMAX 
For Aluminum, Magnesium, long-run Zinc Die Casting — UHB ORVAR — SAE H-13 
For Aluminum Hot Extrusion Operations — UHB SPECIAL — SAE H-12 
For Zinc Die Casting — Cold Hobbed Dies — UHB PREMO — SAE P-4 


UDDEHOLM Tool Steel Service Centers stock 
the grade, size and shape of Hot Work or Cold Work tool steels you need — 
ready for prompt delivery to you! 


Send for Technical information and stock list on any grade you require. 


1B UDDEHOLM AMERICA 


155 East 44th St., New York 17, N. ¥., MUrray Hill 7-4575 
cow soning Uddeholm Steels—used by American Industry since 1820 


Branch Offices & Warehouses — Chicago, !Il.— Cleveland, O — Detroit, Mich.—Los Angeles, Calif. — 
Newington, Conn.— Philadelphia, Pa.—In (Canada) Ltd.. Montreal — Toronto 
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Personals . . . 


Phillip H. Booth — from manager 
of alloy sales to manager of carbon 
bar, rod and wire sales for Youngs- 
town Sheet and Tube Co., Youngs- 
town, Ohio. He will continue to 
handle sales of alloy bars. 


Donald G. Harter — from director 
of engineering, York Div., Decatur 
Works of Borg-Warner Corp., to 
vice-president, research and engi- 
neering, Kodiak, Inc., St. Paul, Minn. 


Ernest R. Ramirez — from senior 
research scientist at General Elec- 
tric’s metallurgical products depart- 
ment in Detroit to senior research 
supervisor for Special Metals, Inc., 
New Hartford, N. Y. 


W. R. Clough — appointed asso- 
ciate professor of materials engi- 
neering at Rensselaer Polytechnic 
Institute. 


Edward B. Evans — from assistant 
professor in metallurgy, Case _Insti- 
tute of Technology, to research 
metallurgist at Tapco, a division of 
Thompson Ramo Wooldridge Inc., 
Cleveland. 


Michael Tenenbaum — from as- 
sistant general manager in charge 
of technical services to general man- 
ager of research and quality control 
for Inland Steel Co., Chicago. At 
the same time, James J. Halley, for- 
merly superintendent of the experi- 
mental iron smelting project, was 
named manager of research and de- 
velopment, succeeding Edwin D. 
Martin, who is retiring from active 
assignment —he will remain as a 
consultant to Inland until the end of 
the year. 


Harold J. Holmes —from man- 
ager, general engineering of the 
Heald Machine Co., Worcester, 
Mass., to chief engineer for Sciaky 
Bros., Inc., Chicago. 


A. R. Johnson and Daniel H. 
Yates — appointed manager and as- 
sistant manager, respectively, of the 
research department of Vanadium- 
Alloys Steel Co., Latrobe, Pa. 


Frederick C. Kroft — from works 
manager to staff assistant to the pres- 
ident, Haynes Stellite Co., a divi- 
sion of Union Carbide Corp., Koko- 
mo, Ind. 
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A practical approach to quenching 


The three most common media used for 
quenching steel are water, brine and oil. 
Water offers rapid cooling, good hard- 
ness, penetration and low cost but may 
cause quench cracks. And it rates low in 
uniformity and size retention. Brine is 
even faster than water. It removes heat 
more uniformly but it, too, produces 
distortion and quench cracks. Oil is 
milder. It does not remove heat as fast 
as water or brine, but will minimize 
distortion and cracking. 

Generally speaking, plain carbon 
steels require a high cooling rate such as 
that of water or brine for maximum 
hardness. Most alloy steels require a 
lower quenching speed for hardening, 
with some high alloy steels, such as high- 
speed tool steel, hardening fully in air. 

Thus, the determination of what 
quench to use depends on the steel 
analysis, the quenching speed the 
specific steel requires, and the physical 
properties called for in the finished part. 
As a guide, here are six distinct quench- 
ants developed and produced by Hough- 
ton. They provide full coverage of the 
complete range of cooling speeds called 
for by various steel analyses and the 
physical properties required in the part: 


1. A high-speed oil that quickly 
quenches critical alloy steels for 
maximum hardness. 


2. A general purpose oil that provides 
adequate hardness, superior tough- 
ness and low distortion in a wide 
range of alloy steels. 


3. A martempering oil which can be 
maintained at 350°F. for long periods. 
For interrupted quenching to provide 
toughness and close size tolerance. 


4. Molten salt for interrupted quench- 
ing at temperatures up to 1000°F.... 
for martempering, austempering and 
patenting. 

5. An additive for water to minimize 
quench cracks. 


6. A concentrate for addition to tanks 
of 100° paraffine oil to improve 
stability and accelerate the quenching 
rate. 
If you are looking for improved physi- 
cals, better heat treat uniformity or 
fewer rejects, you can get experienced 
advice from Houghton—a leader in 
metallurgy for more than 50 years. 
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COMMON-SENSE 
QUENCHING HiNTS 


1. Provide oil circulation so that all surfaces of parts to 
be quenched are exposed uniformly to the oil. Con- 
tainers should be baffled. Avoid nesting of work. 


2. When installing cooling coils, the water in the coils 
should run counter-flow to the oil to provide maxi- 
mum temperature differential. 


3. The quench tank should be equipped with a tight 
cover and a CO, extinguisher handy in case the oil 
should catch fire. 


4. Avoid use of baskets in quenching where possible. 
It is better to drop small parts on a screen which can 
be lifted out of the bath. Basket congestion hinders 
uniform cooling. 


5. Avoid temperature variation when water is the 
quenching medium. Hold to 20° maximum spread. 


6. Distortion and quench cracks can be minimized by 
removing the work from the quench before it 
reaches the temperature of the fluid. 


7. Itis advisable to temper immediately after quench- 
ing to relieve stresses and avoid quench cracks. 


8. Wherever possible oil quenched work should be 
cleaned prior to tempering in salt to minimize salt 
contamination. 


‘NOUSTRY's pARTN 
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Your nearby Houghton representative will gladly give you detailed information and 
help in analyzing your problem and recommending the quench best suited to your 
need. Call him or write for a copy of ““Houghton on Quenching”. E. F. Houghton 
& Co., 303 W. Lehigh Ave., Philadelphia 33, Pa. 


Houghton 
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Interpretative Reports of 
World-Wide Developments 


Carbon and Graphite — 
Their Uses in Metallurgy 


Known chiefly for their use in electrodes for electric arc furnaces, 
carbon and graphite have many properties 

which make them desirable in other industrial areas. 

Through advanced processing methods, stronger, more heat-resistant 


grades are constantly being developed. 


HIS PAPER, in presenting much 

data on fabricated carbon and 
graphite, shows them to be versatile 
engineering materials. Used in most 
industries, particularly in the metal- 
lurgical field, they have a unique 
combination of physical and chemi- 
cal properties (see box, p. 142). 


Among other factors, their electrical 
conductivity may be varied by a 
factor of 100, mechanical strength 
by at least 10, thermal conductivity 
by 30, and thermal expansion 
by 5 or more. 

To begin with, divergence in 
properties is caused by processing 


Fig. 1— High Density (Left) and Conventional 
Graphite. Note difference in porosity and finish 
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ompiete Instrumentation 


Diffraction and 


Spectroscopy 


Laboratories 


For all who are planning to establish new facilities or expand ype Ee isa 
new comprehensive brochure which shows why RCA X-Ray Diffraction and 
Spectroscopy equipment deserves your full consideration. 


These precision-engineered instruments, outstanding for their technical excellence and 
performance characteristics, provide unusual versatility for a broad range of X-ray 
diffraction and spectroscopy studies. An excellent example is the inexpensive RCA 
kit which permits switching from diffraction to spectroscopy in less than 15 minutes. 
Fully described in the brochure are: 


Console Model Generator—Crystalloflex !V—incorporates constant potential DC 
power supply plus many other advanced features. An easy-access electronic circuit 
panel is available for use with this unit. 


Compact Low-Priced Table Model Generator—Crystalloflex Il—an excellent tool for 
research projects entailing a high volume and wide variety of film work. Can be 
operated with up to four individually timed cameras simultaneously. 


An unusually complete line of attachments and accessories for X-ray diffraction and 
spectroscopy, including a versatile group of cameras, a pole figure goniometer, single 
crystal layer line and micro-fluorescence attachments, vacuum spectrometer, and 
digital print-out device. 


Contract serviceson RCA X-Ray Diffraction and Spectroscopy equipment and Electron 
Microscopes are available through eleven regional offices of the RCA Service Company. 
A NEW LEASING PLAN now makes it possible to obtain all scientific instruments 
with no down payment, low monthly terms and a favorable option to buy. 


For your free copy of this greatly enlarged 
44-page Brochure or for a quotation 
on your requirements, write to: The Most Trusted Name in Electronics 


Radio Corporation of America, 
Dept. C-72, Building 15-5, Camden, N.J. ® RADIO CORPORATION OF AMERICA 
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‘designed 

and with no costly 

Saves up to 
valuable’ floor 
‘space. But these are just a 
few ofthe fea- 


J. STOKES CORPORATION, | 


TABOR BD... PHILA. 20, PA. 


END TODAY 


for free 
Calculator! 
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Electrode for Submerged Arc Furnace, 
63 In. in Diameter and 84 In. Long 


variables which result in differences 
primarily in purity, density, grain 
size and crystal orientation. Thus, 
the employment of different types of 
petroleum coke (for the raw ma- 
terial) allows variations in most 
properties by a factor of about two. 
Still greater property variations occur 
when less commonly used starting 
materials, such as lamp black or 
anthracite, are employed. Also, form- 
ing methods greatly influence the 
degree of orientation and hence the 
degree of anisotropy in properties. 
Thus, the ratio of many properties 
with and across the grain in ex- 
truded graphite is twice that for 
molded graphite. 

In manufacture, the degree of 
baking is a fundamental factor. 
Carbon grades are baked at “low” 
temperatures, such as 1000° C. 
(1830° F.), to carbonize the bond, 
but graphite grades are heated to 
the range 2600 to 3000° C. (4710 
to 5430° F.). This extreme heat 
causes the randomly oriented carbon 
crystals to grow and change to a 
more ordered pattern of stacked 
parallel planes, increasing density 
and strength as well as producing 
marked anisotropy of properties. 


Uses of Carbon and Graphite 


The largest single use of these 
two materials is in electrodes for are 


furnaces. Submerged arc furnaces 
(used in melting ferroalloys, titanium 
and zinc) generally employ carbon 
electrodes, while open arc furnaces 
(used for steel, iron and some non- 
ferrous alloys) generally employ 
graphite. Having greater strength, 
graphite electrodes can carry greater 
electrical loads. With the develop- 
ment of the “pitch reservoir” con- 
necting pin for such electrodes, joint 
loosening has been eliminated and 
joint conductivity has improved. 

As for other uses for graphite, 
is employed for resistance furnace 
parts, molds for casting, thermo- 
couple parts, extrusion guides, fur- 
nace brazing jigs, tubes for injecting 
materials to be dispersed in a hot 
metal bath, and missile and rocket 
nozzle parts. 

High-purity graphite is also used 
in many areas of nuclear technology 
because of its excellent moderator 
and reflector properties, and its good 
strength up to 1800° C. (3270° F.). 
When exposed to radiation, graphite 
becomes stronger and __ harder. 
Although irradiation below 150° C. 
(300° F.) causes some distortion of 
the graphite lattice, applications usu- 
ally involve higher temperatures. 
These provide an annealing action 
that largely eliminates irradiation 
changes. 

New grades of graphite with im- 
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Reinserting a 14-foot HK nickel-chromium alloy 
furnace tube at Security Engineering, Inc., 
Division of Dresser Industries, Dallas, Texas, 


Security Engineering Proves Furnace Tubes 
Last 2 Full Years at 1800°F 


CAST NICKEL-ALLOYED RADIANT- 
HEATER TUBES KEPT IN SERVICE 24 
HOURS A DAY, 7 DAYS A WEEK 


Fired by a mixture of air and natural 
gas, these HK* alloy (26% Cr—20% 
Ni) tubes provide temperatures up 
to 1800° F inside a carburizing 
furnace. But HK alloy can take it 
because... 


HK alloy resists oxidation, sulfida- 
tion, and carburization. These prop- 
erties team up with HK alloy’s 
high-temperature strength and duc- 
tility to provide Security Engineer- 
ing with two years of trouble-free 
service. Moreover, HK alloy tubes are 
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easily cast and readily available. 


Casting Alloys to fit your application. 
HK alloy is only one of a complete 
range of alloys designed for heat- 
treating service at temperatures 
ranging from 1200° F—2200° F. Each 
alloy provides good surface-film sta- 
bility, strength, and ductility at high 
temperatures, And some of these 
alloys offer ease of welding or resist- 
ance to thermal shock. So whatever 
the heat-treating application, there’s 
a nickel-containing casting alloy to 
do the job. 


How to select the proper heat-treat- 
ing alloy. “Heat Resistant Castings, 


after its regular six-month inspection. Upon 
refiring, these heavy-walled tubes bend back 
into their normal] shape and function perfectly. 


Corrosion Resistant Castings...Their 
Engineering Properties and Applica- 
tions” discusses the entire range of 
heat-resistant casting alloys, and ad- 
vises what to consider in choosing the 
right alloy for your needs. A post 
card will put this 72-page booklet on 
your desk. 


*Alloy Casting Institute designation 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street INO, New York 5, N. Y. 


INGO NICKEL 


makes castings perform better longer 
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MECHANICAL 
VACUUM PUMPS 


Try this full-glass test on any of 
CVC’s nine new vacuum pumps. 
They'll run at highest speeds 
and lowest ultimates (2x10°° mm 
Hg) with hardly a quiver... 
won’t spill a drop. Whisper- 
quiet too, thanks to their unique 
dynamic balance. 

Easiest installation and main- 
tenance you’ve ever seen. Air 
cooling eliminates need for 
water lines. Flexible connections 
to overcome vibration unneces- 
sary. No water connections, 
drive belt or guards . . . nothing 
to get in your way with these 
all-enclosed pumps. 

And these CVC pumps are 
compact ... % to 24 smaller 
floor space than others of com- 
parable capacity. Available in 
double-stage models for lower 
ultimates, and single-stage for 
higher speeds. Select the size 
and capacity (from 7 cfm to 132 
cfm) that you need, at a price 
that will please you. 


for bulletin 8-15. 


Lonsolidated Vacuum 


ROCHESTER 3, NEW YORK 
A SUBSIDIARY OF 
CONSOLIDATED ELECTRODYNAMICS/BELL & HOWELL 
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proved properties or characteristics 
suited for special applications are 
constantly being developed. For ex- 
ample, some high-density graphites 
are being developed; so far, experi- 
mental grades have better strength, 
permeability and finish than con- 
ventional graphites now available. 
Figure 1 illustrates the differences 
between the two types. Potential ap- 
plication of these materials is in the 
missile field where resistance to high- 
temperature erosion is a critical need 


Some Properties of Carbon 
and Graphite 


® Resistance to severe thermal 
shock. 

© Low thermal expansion. 

® No deformation at high tem- 
peratures. 

® Strength increases with tem- 
perature. 

® Wide selection of thermal con- 
ductivity. 

© Not wet by most molten metals 
—no sticking. 

® Resistance to abrasion and 
erosion. 

® Resistance to practically all 
corrosives over a wide tem- 
perature range. 

Freedom from metallic con- 


tamination. 

® Freedom from corrosion scale 
formation. 

Easily machined and _fabri- 
cated. 


® Good electrical conductivity. 
® Self-lubricating. 
Lightweight — easily handled. 


in such components as rocket nozzles 
and nose cones. 

Still higher strengths and densities 
are being obtained in pyrolytic 
graphite, as material produced by 
thermal decomposition of a hydro- 
carbon gas on a hot substrate. De- 
gree of orientation and properties 
approach those of natural graphite; 
a high degree of anisotropy is also 
present. 

M. W. HAwKEs 


Digested from “Carbon and 
Graphite in the Metallurgical in- 
dustries”, by Neal J. Johnson, 
V. J. Nolan and J. W. Shea. 
Paper presented at the Annual 
Meeting of the Metallurgical So- 
ciety of A.I.M.E., St. Louis, 
February 1961. 


Ductile Iron. . . 
(Continued from p. 98) 


but raised the tensile strength slight- 
ly in irons tempered above 1100° F. 

Yield strength curves of the vari- 
ous experimental irons closely paral- 
lel those of the tensile strength val- 
ues. As with the tensile strength, 
the effect of silicon and manganese 
on the yield strength is a function of 
their roles as matrix strengthener 
(silicon) and carbide stabilizer 
(manganese) and the temperability 
(or lack of it) which they lend to the 
iron. 

As for the elongation values, they 
are, in general, consistent with the 
yield and tensile strength values. In 
other words, elongations increased 
as strengths decreased with increas- 
ing tempering temperature. Tem- 
pering at 1100°F. or greater was 
necessary to raise the elongation 
values to 5% and above. 

When modulus determinations 
were made on tensile specimens of 
each composition tempered from 400 
to 1250°F., the calculated values 
showed satisfactory consistency, and 
heat treatment within the ranges 
studied. The range of values was 
20,800,000 to 24,100,000 psi., the 
average being 22,800,000 psi. 

Photomicrographs in Fig. 10 (p. 
98) demonstrate the influence of 
composition on the resistance to tem- 
pering at high temperatures (1200° 
F., in this instance). As is appar- 
ent in the structures that represent 
0.26% Mn irons with varying silicon 
contents, the higher-silicon irons 
(3.64 and 4.12%) are greatly influ- 
enced by tempering, containing 
fairly large spheroids of carbide in 
a ferritic matrix for most of the areas. 
The structures of irons containing 
2.24 and 2.45% Si more closely ap- 
proach the fully tempered marten- 
site of steels. Needles of free fer- 
rite, which are scattered through- 
out the matrices, are more pro- 
nounced in the 2.45% Si iron. 

Most resistant to tempering are 
the higher-manganese irons. To il- 
lustrate, the 0.68% Mn iron has an 
acicular structure of tempered mar- 
tensite with a few small needles of 
ferrite, and the iron with 1.10% Mn 
contains a matrix of fine tempered 
martensite without any areas of free 
ferrite. 

These structures correlate with 
the tempering behaviors reported in 
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the previous section. It will be re- 
called that the higher-silicon irons 
softened drastically at 1200°F., 
that the lower-silicon, low-manga- 
nese irons showed considerable sof- 
tening at 1200° F. but did not tem- 
per as much as the higher-silicon 
types, and that the higher-manga- 
nese irons maintained considerably 
more resistance to tempering exhib- 
iting higher hardnesses. 


Some Important Conclusions 
On the basis of the results, the 


following conclusions seem  war- 
ranted concerning the ductile high- 
carbon, nickel-free irons which were 
the subject of this study. 

Manganese, in amounts be- 
tween 0.26 and 1.10%, lowers the 
upper and lower critical tempera- 
tures, but silicon, in contents be- 
tween 2.24 and 4.12%, raises them. 

® Silicon is relatively effective in 
closing the gamma (austenite) 
phase field of the constitution dia- 
gram for iron-carbon-silicon with 
low amounts of manganese. 

© Manganese has a major role in 
increasing the depth of hardening of 
the ductile irons that contain mod- 
erate amounts of silicon. Silicon, on 
the other hand, is alrmost completely 
ineffective in altering the harden- 
ability of the irons with low-manga- 
nese contents. 

© The introduction of over 4.0% 
Si produces a bainitic nose in the 
isothermal transformation diagram 
of a high-carbon ductile iron with 
a small amount of manganese. 

® Silicon, in the range of 2.24 to 
4.12%, increases the temperability 
of the iron with little manganese, 
but manganese in amounts between 
0.26 and 1.10% seems to render the 
tempering reaction more sluggish. 

© Through quenching and tem- 
pering, tensile strengths in the order 
of 240,000 psi., with yields of 210,- 
000 psi. and elongations of 3% can 
be achieved. Silicon seems more 
effective than manganese in achiev- 
ing these high strengths. 

© The presence of silicon in- 
creases the drop in strength with 
increasing tempering temperature, 
while the presence of manganese re- 
tards the same drop. 

© The effects of silicon and man- 
ganese can probably be attributed 
to the fact that silicon is a ferrite 
strengthener and manganese is a 


carbide stabilizer. 6 
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Coatings of Titanium 
Nitride Protect Graphite 
at High Temperatures 


A vapor-plated TiN coating, 
which transformed to TiO, in 
a Mach 2 air jet, prevented 
damage to a graphite surface 
during a 60-sec. test; unpro- 
tected graphite was severely 
damaged after 20 sec. 


RAPHITE, ALTHOUGH POSSESSING 

comparatively good strength at 
elevated temperatures, is subject to 
extreme oxidation damage above 
1250°K (1800°F.) in air. The 
practical utilization of this material 
thus depends upon finding a stable 
coating to protect its surface. 

Since the high-temperature oxides 
of graphite are gaseous, no inherent 
protective mechanism is possible in 
reaction with the atmosphere. How- 
ever, if the surface is coated with a 
material which will form an imper- 
vious oxide, the graphite will be pro- 
tected from atmospheric attack. 

Of the various processes available, 
vapor plating appears most appli- 
cable to coating graphite. The 
vapor-plated coating, which is de- 
posited on the substrate from a 
gaseous atmosphere, can be varied 
in properties and thickness by con- 
trolling the process temperature 
along with the flow rate and chemical 
analysis of the gases. 

In the present study, graphite 

specimens (cylinder with a hemi- 
spherical end, 3/4 by 3/16 in. di- 
ameter) were coated with TiN from 
an atmosphere of TiCl,, H, and Ny 
according to he reaction, 
TiCl,+2 H.-, % N,~TiN-+4 HCl 
Tank hydrogen containing nitrogen 
as an impurity was bubbled through 
the liquid TiCl, and passed over the 
graphite surface at 1475° K. (2190° 
F.). A coating time of 12 min. 
yielded a TiN coverage of about 40 
micron thick when the flow rate was 
about 1.6 1. per min. 

Coated and uncoated specimens 
were tested at Mach 2 in a super- 
sonic, ceramic-heated air jet having 
a stagnation pressure of 7.14 atm. 
and an estimated stagnation temper- 
ature of 2250°K. (3595° F.). Sur- 
face temperatures were measured 
with an optical pyrometer, the gen- 
eral appearance of the coating being 


CVC 
Roots-type 


Vacuum Pumps 


Here’s a powerful blower that 
really pumps dry. No pumping 
fluids to backstream. No con- 
tact of rotors with each other or 
with inner pump wall—so no 
need for internal lubricants. 
Even the ball bearings are 
sealed off from the vacuum 
chamber. 


These Roots-type pumps are 
the fastest you can buy in 10° 
mm and 50 mm range. And the 
cleanest—dusty or dirty atmos- 
phere passes directly through. 
And the most efficient—there’s 
little internal friction, and it 
takes just a few millimeters of 
pressure differential to turn the 
rotors .. . assuring the double 
economy of low operating cost 
and long trouble-free life. 


Seven models, from 74 to 15,- 
000 cfm. Find out which one 
best meets your needs for high, 
dry vacuum. 


WRITE for Bulletin 8-20. 


Lonsolidated Vacuum 
Corporation 


ROCHESTER 3, NEW YORK 
A SUBSIDIARY OF 
CONSOLIDATED ELECTRODYNAMICS/BELL & HOWELL 
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Coatings .. . 


recorded by motion pictures. The 
TiN coating was converted to TiO, 
(verified by x-ray diffraction) with a 
60% volume expansion according to 
the reaction; 
TiN + O,>TiO, (rutile) + % 
During 60 sec., the coated speci- 
mens attained a surface temperature 


of about 1700° K. (2600° F.) and 
were protected, while the uncoated 
specimens reached 2165 to 2200° K. 
(3434 to 3500°F.) at the surface 
and were destroyed. The coating 
completely protected the graphite if 
the TiN thickness exceeded 20 mg. 
per sq.cm. Thinner coatings failed 
at the stagnation points (not the 
sides). Additional experiments in- 


EFFICIENT 
ECONOMICAL 
QUIET - SAFE 


Conveyor 
Furnaces 


BUZZER 


US Pat OFrice 


This is but part of the extensive 
BUZZER line of gas equipment 
for modern process heating. 
The complete Hones catalog be- 
longs in your active file. Write 
for a copy. 


CHARLES A. 


* 0 4 ES 123 S. Grand Ave. 
INC. Baldwin, L.I., N.Y. 


immersion Heater Burners 


Featuring Time-Tested 


POT & CRUCIBLE FURNACES 


for e Salt Bath Heating 
e Aluminum Melting 
e Soft Metal Melting 
e High Temp. Melting 
e Liquid Heating 


in full range of sizes 


Equipped with BUZZER Venturi Atmospheric Gas 
Burners—simple, safe, powerful, quiet, economical. 


Venturi Register Burners 


Multiple Burners 


Pipe Burners 
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volving weight changes under com- 
pletely stagnant conditions at 1680° 
K. (2570° F.) confirmed the results 
of the supersonic jet. The stagnant 
air tests indicated a minimum thick- 
ness of about 26 micron thick for 
protection, but a direct comparison 
between the two types of tests is not 
possible. 


Theoretical Considerations 


Consideration of the critical char- 
acteristics for a coating which is to 
be converted to a refractory oxide 
leads to the following general rules: 


1. The Pilling-Bedworth ratio per- 
tinent to the original coating-oxide 
transformation should exceed unity, 
but be small enough to prevent the 
tendency toward spalling of the 
oxide. 

2. The thermal expansion coeffi- 
cients of the substrate material, orig- 
inal coating, and the final oxide 
product must be compatible at all 
temperatures of use to prevent crack- 
ing. 

3. The oxide should form rapidly 
to prevent interim substrate damage 
particularly when the substrate 
oxides are gaseous. 

4. The coating should be thick 
enough to protect, but thin enough 
to minimize thermal shock difficul- 
ties. 

5. The oxide should remain solid, 
or at least in a highly-viscous liquid 
state under the operating conditions. 

6. The thermodynamics of pro- 
posed systems should be investigated 
using compilations of standard ther- 
modynamic data. The enthalpy of 
the reaction (original coating to 
oxide) should not be large enough 
to cause damage to the substrate sur- 
face or unreacted original coating. 
The unprotective oxide should be 
stable relative to an oxide of the 
substrate under the operating condi- 
tions. 

Other coatings such as silicon and 
boron-based layers may also be of 
the protective-oxide type. The basic 
conditions listed should apply to any 
coating formed as a result of the 
interaction of the substrate or the 
intermediate layer with an environ- 
ment. 

Digested by M. J. FRASER from 
“Titanium Nitride: an Oxidiz- 
able Coating for the High-Tem- 
perature Protection of Graph- 
ite”, by N. T. Wakelyn, NASA 


Technical Note D-722, February 
1961, NASA, Washington, D.C. 
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| | Oven Furnaces 
Muffle Furnaces 
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| 
Furnaces 
i 
JUST CONNECT TO GAS SUPPLY 
@.. “Port Ring Burners | 


The Buyers Guide 
For Metals Engineers 
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@ Now with the TENSILTWINS, what- & 

ever your testing methods or materials, 

you can have perfect precision ma- 

chined physical test speciments in less 

than two minutes. 

@ TENSILKUT precision machines all foil, film, sheet 
and plate metals . . from .0005” foil to .500” plate. Hard 
.001 stainless steel! foil to soft /2” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 
tions accurate to * .0005”. Machined edges are com- 
pletely free of cold -working or heat distortion and re- 
quire no hand finishing. 

@ TENSILKUT table and floor models are available with 
motors from ¥2 to 242 h.p. Write for free brochure. 


© TENSILGRIND precision grinds phys- 

ical test specimens from high alloy 

refractory metais and hardened sheet 

and plate metals to RC 65. 

a The test samples are precision ground by a series of 
light passes of the metal against a 7 inch diameter 
contoured grinding wheel. The matched master templates 
accyrately control the specimen configurations to 
*,0005” and are interchangeable with TENSILKUT tem- 
plates. 

@ TENSILGRIND is mounted on a metal cabinet and 
includes a totally enclosed Y2 HP motor, micrometer 
adjustments, built in radial diamond wheel dresser, and 
solenoid controlied misting system to insure cool grind- 
ing of test specimen edges. 


Write for descriptive literature. 


SIEBURG INDUSTRIES weorporars 
Danbury Industrial Park, Danbury, Connecticut” 
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NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


elnstantly measures the thickness 
of metailic and non-metallic coat- 
ings and films 

e@ Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


.@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat, ceramic) 
on metal base 

e@ Metal films (such as vacuum met- 
alizing) on non-metallic base (pias- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing problems 


UNIT PROCESS HPA 
ASSEMBLIES, INC. 
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getting you down? 


let us help you... 
find hidden cracks 


with magnetic particle or dye 
penetrant inspection equipment 


find deep-lying defects 
with x-ray or gamma 
radiography equipment 


see “innards” directly 


with bright-image fluoroscopes 


work out the method 


at our Industrial Applications Lab 


call any local Picker office 


where a technical expert is always near 
(see ‘phone book) or write 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Plains, N.Y. 
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DP 
DP 
DP 
DP 
DP 
DP 
DP POLISHERS 

for Metallography 


“DP” Method Diamond 
Polishing for Absolute 
Uniformity, Speed 
and Economy 

Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
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Wa nt Precise 


Investment Castings? 


Get High Production 
with Finer Finish! 


Ueo @ Sherwood Wax Injection 


@ Saunders “Blue Wax”, 
@ Refractory Materials 
@ Fluidized Beds, 

@ Turntable Mixers, 


WE PROVIDE complete plant set-ups 
for Investment Casting. 


Send for latest product bulletins 


or complete catalog! 


Alexander Saunders | 


& CO., INC. 
95 Bedford Street, New York 14, N.Y. 
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ALL KLEAR 208: 
SOLUBLE 
CUTTING OIL 


best for all 

Machining Operations 
including Threading, 
Tapping and Broaching 

1 - Higher load-carrying capacity 

2 - Lower cost per gallon 

3 - Closer tolerance through better 
cooling 

4+ Higher film strength 

5 + Finer finish 


ALDRIDGE INDUSTRIAL OILS, Inc. 


3401 W. 140th $¢., CLEVELAND 11, OHIO 
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tion. 

@ May be plc 
alloys. 

@ Due to its 
discolor when 


@ Meets all Mil. 
Class 1 24 Kt p 


Providence, 1 R. I. 
STuart 1*6100 


Plant: Cranston, R. |. 


NEW SMALL 

PORTABLE 
2 CU. FT. - 130 
REFRIGERATOR 


New Harris Model 2L-2-075 rolls easily on 
casters. Famous Harris Cascade Refrigera- 
tion holds —130°F. within 1° dependably 
with minimum service. Protected against 
high pressure should power fail, re-starts 
automatically. Superior Harris performance 
at a modest price. Send for FREE literature 


and data sheets on “blue a users. =" ®) 


ARRI 302 River 2 
Cambridge 39, Mass. 
Since 19 34 
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MULTI MOTION DIES*.... 


FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS.... 


® Tensile Bars 

® Transverse Bars 
Green Strength 
Bushings 

® Slugs 

© Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in lab 
presses. 


DL-1001 
TENSILE TEST BAR 
MPA STANDARD 

10-50 "PATENTED 


HALLER, INCORPORATED 


16580 Northville Rd. Northville, Mich. 
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Chicago Office: 7001 No. Clark St. 
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Specialists in 
metal surface treatments 
KENVERT® chromate Coatings, 


Bright Dips and Chemical Deburrings— 
Aluminum, Copper, Brass, Zinc, Cadmium, 
Zinc Die Castings 


KENV ERT compatible Biighteners— 


Zinc, Cadmium 
KENVERT Buffing Compound Remov- 
ers, Synthetic Detergent Type—All Metals 


Write for general summary Fact Sheet with 
details for over 50 products. 


CONVERSION 
CHEMICAL 
CORPORATION 
101 E. Main St., Rockville, Conn. 


Phone: TRemont 5-3357 


LICENSEES: 
Nicromatic Ltd., Toronto, Canada 
Silvercrown Ltd.. London. England 
Dr. Schlotter, Geislinge Steige, Germany 
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Hones POR 

WARNES TERS 
f ..answer the need for a light. | 
weight, accurate tester for on- 
the-job testing of flats, rounds 
and other items such as large 
gears, knives, saws, etc. 


Send for free bulletin 
AMES PRECISION MACHINE WORKS 


Wolthom 54, Moss. U.S.A 
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WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


ive 


Sran srainzess scacw co. 


t—_ Telephone: CLifford 6-2300 
Direct N.Y. Phone Wisconsin 7-6310 

Direct Phila. Phone WAlInut 5-3660 
Circle 43 on Page 48-B 


corrosion | 
RESISTANT § 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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+ NON-DESTRUCTI 
"INSPECTION 


with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for production testing 
of steel bars, wire rod, and tubing. Detects 
surface and sub-surface flaws and variations 
in composition and physical properties at 
speeds of 120 ft. per minute. 


MULTI AND SINGLE 
FREQUENCY EQUIPMENT 


Eddy current equipment for testing non- 
magnetic metal tubing, bars and wire, Ye” 
to 3” in diameter, for surface and sub- 
surface flaws, at speeds from 200 to 600 
ft. per minute. Multi-Frequency unit offers 6 
simultaneous inspection methods, including 
2 for indicating variations in mechanical, 
physical and metallurgical properties. Single 
Frequency unit offers 1 inspection method, 
and when used with D.C. energization, tests 
both magnetic and non-magnetic materials. 


MINUTES 
FROM SPECIMEN 
TO PICTURE 


AUTOMATIC ALL-PURPOSE 
ELECTRO-POLISHER 
= Better results 
Polishes larger area 


Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
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ROTOTESTER EQUIPMENT 


Electronic equipment for inspecting drawn 
coiled steel wire, from %” to 1”, at die 
block. Detects flaws at normal draw speeds 
without marring material surface. 


COMPARATORS AND 
METAL TESTERS 


Electronic instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
structure. 


BRINELL on VICKERS 
TESTS without 


microscopic 
measurements 


the Gries REFLEX hardness tester 
covers the ENTIRE range of hard- 
ness from the softest to the very 
hardest. It yields standard test 
data by Zeiss automatic projection 
system—the ultimate hardness test- 
er for research and routine inspec- 
tion. 


e 


Ask for bulletin No. A-14 


eee ® 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW ROCHELLE 3. N-Y- 
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DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi 
Method Equipment, inspection and demagne- 
tization are simultaneous. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials and 
parts. 


MAGNETIC NALYSIS 
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the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
For information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


Cleveland 11, Ohic 


3401 W. 140th St., 
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Hardness testing made Easy! 
new | 
edition! 
= > MACHINE Screws 
647 Union Bivd., Paterson 2, N. J. 
a | 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 
maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
are reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 
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MICROSCOPIC CLEANING of Precision Parts 


Na 


Economically 


and 


ae 


95 Park Avenue 
Nutley 10,N. 


NOrth 1-1515 
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Cc. For the simplest 


or most complex 


ALUMINUM 
EXTRUSIONS 


Nothing is too intricate or difficult for 
Jarl. Four extrusion presses—including a 
new mammoth unique 3300 ton press 
make possible maximum versatility and 
widest possible range of highest quality 
low-cost shapes. 


Alumilite 
Anodizing 


SOLID EXTRUSIONS UP TO 

A 102” CIRCUMSCRIBING 

. CIRCLE. ROUND 7” TUBES. 

RECTANGULAR 9” x 3” TUBES. 

Send for stock die catalog 

send rough sketches for 
of help with your design. 


JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
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200 new & useD HEAT TREAT Furnaces 


10902 CEDAR RD. 


BUY WITH CONFIDENCE 
UNCONDITIONALLY GUARANTEED 
LESS THAN 50% OF NEW PRICE 
IMMEDIATE DELIVERY 
WE WILL BUY BACK 
TRADE, LEASE, OR TERMS 


We will engineer to your requirements 
All types available from stock 


INDUSTRIAL FURNACE CO, 
DIVISION OF 
AAA MACHINERY & 
EQUIPMENT COMPANY 
CLEVELAND 6, OHIO 


SW 1-3900 
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15 Day FREE Trial 


Guarantees Satisfaction 


ECTRONIC 
S TESTER 
L 955 


Model 955 determines the thi 
of decorative and heav b oes ad ‘ 
silver, tin, cadmium zinc, Bm copper 2 
nickel, lead, and other metallic deposits are 
on various base metals. 90 - 95%, 
accurate . . . Direct reading .. . 
simple operation. 


WRITE FOR LITERATURE ToDay) 


KOCOUR COMPANY 


S. ST. 1 
CHICAGO 32° 
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Wilson “Rockwell” 
TWINTESTER 


Measures both “Rockwell” and 
““Rockwell’”’ Superficial hardness 
on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to ““Rockwell” super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for al] scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, “Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Welle to Dept. DU. Ask for Bulletin TT-59 


WILSON “ROCKWELL” 


HARDNESS TESTERS 
co 


Wilson Mechanical 
Instrument Division 


American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N.Y. a 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In C da—Hamilton, Ontario 
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Instrument panels Chef ranges are 
framed in magic uminum . 
extruded, fabricated and anodized by 
GENERAL EXTRUSIONS, INC. This is an- 
example of a leading manufacturer solv- 
ng his requirements for durability, beauty and 4 
ag with G.E.1.’s uniform quality and unfail- | 
elivery. Discuss your extruded | 
needs—one part or a million—with G.E.I 


GENERAL EXTRUSIONS, INC. 
4040 Lake Park Road, Youngstown, Ohio | 
Sales Offices at St. Louis, Pittsbur 
F Chattanooga, Cincinnati and Cleveland 
* Consult your classified phone 
under Aluminum Products 
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HUPPERT ELECTRIC FURNACES AND OVENS |. 


BENCH MODELS 
Range: 300°F. to 2000°F. 


for Laboratory and Plant 


FLOOR MODELS 
28 Standard Sizes 


High temperature, heavy-duty Kanthal 
elements 

Multi-insulation 

Counter-weighted, tight-sealing door 
Operational pilot light 

Shipped ready to operate 


Continuous operation to 1850°F.— 
intermittent to 1950°F.—for 2300°F. 
on special order. 

Complete with automatic electronic 
controller. 

Tight-sealing, wedge-type door. 
Multi-insulation for maximum 
efficiency. 


Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


Prices 
220 Volt Single Phase 
With Huppert] With Elec- 
Input tronic Prop 
Controller Controller 


$480.00 
518.00 

590.00 

698.00 


Inside 
Dimensions 


Wide Deep 


2300°F. add 
$95.00 to No. 11 and 
No. 12, and $105.00 to 12° 306.00 
No. 12A. No. 12A con 12” 382.00 
be furnished for 3 phase 18” 490.00 
ct no additional cost. 
For floor model add 
$52.00 to above prices. 
No. 869 standordly sup- 
plied for 2200°F. 


$296.00 


Also Special Models for Specific Requirements. 


Re, ie H U P PPER ER T c o. Special KR-Supers to 3100 F. 


For 
6844 Cottage Grove Ave., Chicago 37, Illinois 
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Request new catalog on 
furnaces, ovens, data, prices. 


METAL PROGRESS 149 


HEAT RESISTING: ALLOYS 

_ Circle 55 on Page 48-8 
Magic\Chef turns to G.E.I. 
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Two series (8012 and 8008) of "'space- 
saver'' combination heat treating 
furnaces are produced by Lucifer Fur- 
naces, Inc. Hardening, drawing or 
preheating, and quenching operations 
can be performed with one furnace. Each 
furnace has separate controls vermit- 
ting independent operation of each 
unit. The 8012 series chambers operate 
at 2300, 2000 and 1250° F.; while the 8008 
series chambers reach 2300, 2000, and 
800° F. The furnaces operate on standard 
line voltage . . . no transformer neces- 
sary. Twenty standard low-cost models 
are available and each is a complete 
unit . . . just connect to power 
supply. 


For information about the ‘'space- 
savers’, our complete line, or free 
engineering advice, call on... 


LUCIFER FURNACES, INC. 


Neshaminy 7, Pennsy!vania 
Diamond 3-0411 
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NOW .. . mount Specimens 
BY THE DOZEN 


in less than 20 minutes 
with 


new, self-curing, clear plastic 
mounting material for metal- 
lographic examinations 
SAVES TIME * EASY TO MIX 
ELIMINATES 
HEAT and PRESSURE STEPS 
Order a TWO Unit Introductory 
Package today .. . . $11.00 


(makes more than 100 mounts 
one inch diam. x %” high) 


FULTON METALLURGICAL 
PRODUCTS CORPORATION 


4710 Ellsworth Ave., Pittsburgh 13, Pa. 
MUseum 1-7550 
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make hatdness tests / 
AN ew H ER 
with 


NEWAGE 
TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
* NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

© NO SKILL REQUIRED 

*@ SCALE READINGS IN ROCKWELL & BRINELL 

@ ACCURACY GUARANTEED 

Many thousands used by industry and government. 
Write, wire or call for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road j Pi 
TUrner 48494 Dept. MP 
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More than 10,000 
in use: 


For quick, precise measuring 
of nonmagnetic thicknesses 


Elcometer Thickness Gauge measures 
thickness of porcelain enamel, paints, 
platings, foils, glass, paper, plastics and 
other nonmagnetic coatings—with a 
guaranteed + 5% + .0001” accuracy. 
Handy pocket-size, it gauges flat or 
curved surfaces and hard-to-get-at 
spots easily. Needle-locking button 
assures correct reading every time. 
Now available in fifteen double-scale 
models, with contact spheres,‘‘V”’ block, 
or flat bases. 

Complete with tough leather case, 
inner pocket for test strips, and carry- 
ing harness. Weighs only 6 oz. 


ONLY ¢ 75 
83 F.O. 3. Cleveland 


Write for free INustrated Folder 
FERRO CORPORATION 
4150 East 56th St. Cleveland 5, Ohio 
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Rockwell-scaled 
HARDNESS TESTER 


and PRECISE 


Test Block accurate instrument 
only $39.50 complete 


A steel ball of exact weight and hard- 
ness is dropped from an exact height, 
insuring a precise reading in Rock- 
well C scale. Ideal for spot or produc- 
tion checking. Used in many of the 
finest plants and shops. Get ‘'on-the- 
readings with depend- 
able accuracy. Easy to use, easy to 
read. No moving parts to get out of 
adjustment, even if the instrument is 
dropped. A one-year warranty protects 
against defects in materials and work- 
manship. 


Send for one or more today af this 
low price. Satisfaction guaranteed. 


Detroit Hardness Tester Co. 
pot.app.er P. O. Box 397 © Franklin, Michigan 
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A User 

of the New 
METALS 
HANDBOOK 
Says— 


“Last week my Metals 
Handbook provided 
specific information on 
corrosion of copper al- 
loys that made it worth 
many times its cost. | 
expect to order another 
copy so that I will have 
one at my home and 
another at my office.” 


How about you? 


Second copies are $30.00 
each (plus $2.00 postage if 
you are located overseas). 
Write for your copy to: 


American Society 
for Metals 


Metals Park, Ohio 
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Refractory Metals in 
Europe—a Growing Field 


Molybdenum, columbium, 
tantalum and tungsten are of 
great interest in Europe, though 
there is less activity than in the 
United States. 


1OUGH THE EuUROPEANS are less ac- 

tive in the refractory metals field 
than the Americans — apparently be- 
cause of a lack of confidence in the 
future requirements of new applica- 
tions in such areas as jet engines, 
nozzle liners, and re-entry vehicles— 
there is much interest. The major re- 
quirements for refractory metals 
come from the lamp and electronic 
industries where the chief new appli- 
cations involve rhenium. Ultrahigh- 
temperature thermocouple and elec- 
tron tube parts using rhenium and 
tungsten-rhenium alleys are being 
produced in England, France and 
Germany. Interest is also apparently 
high in Russia where the Bajkov In- 
stitute has published most of the 
phase diagrams of rhenium with the 
other refractory metals, and has con- 
ducted laboratory studies on alloying 
behavior, recrystallization, and appli- 
cations of the metal. 

Corrosion-resisting equipment is a 
major application for tantalum in 
Europe. However, much interest is 
also being shown in columbium, 
since its lower density and poten- 
tially lower cost would be an advan- 
tage. The British are using colum- 
bium in reactor applications where 
they have to contend with corrosion 
by liquid sodium. 

Turning to the area of research 
and development, England is partic- 
ularly active. At Murex and the Uni- 
versity of Sheffield, studies on co- 
lumbium involve physical properties, 
strain aging, oxidation resistance and 
the development of alloys and coat- 
ings resistant to oxidation. Important 
work on the theory of alloys using 
the hydrogen-pressure method is 
being done at the University of 
Birmingham, and the work on elec- 
tronic interactions at General Electric 
has been particularly noteworthy. 
The Associated Electrical Industries 
Research Group has active programs 
on phase diagrams, substructure, and 
deformation mechanisms; the B. S. A. 
Research Center at Birmingham is 
concerned with oxidation-resistant al- 
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loys and coatings. Though American 
activity in molybdenum for ramjet 
and turbine components has slack- 
ened, interest is high in England 
and France. 

American research on refractory 
metals as liners for solid-fuel rocket 
nozzles and re-entry vehicle leading 
edges, on the other hand, apparently 
has little parallel in Europe. An ob- 
servation in Russia of fabrication of 
sheet molybdenum and _ tantalum, 
but not tungsten, may indicate that 
they are chiefly interested in refrac- 
tory metals for radiation shields and 


chemical plant equipment. 

At the Max Planck Institute and at 
the University of Freiberg, both in 
Germany, research includes work on 
the effects of interstitials on the prop- 
erties of tantalum, along with studies 
on the compounds of columbium and 
tantalum with nitrogen, oxygen, and 
carbon. Metallwerk Plansee in Aus- 
tria is working on nonmetallic dis- 
persions in tungsten and phase dia- 
grams of intermetallic compound sys- 
tems. As a note, a process developed 
there for coating molybdenum in a 
metallic copper-silicon bath has given 


“SUB-ZEROING” 


IMPROVES GEAR & PINION 


Performance | 


Ruggedly constructed 
for heavy production 
schedules, this unit 
will chill tons of steel 
in one hour from am- 
bient to - 125° F. 


Model illustrated 
3SR-120-75. Seventy- 
five cu. ft. chamber. 


Processing of steel 
at sub zero temperatures 
greatly increases wear life. 


The successful manufacture of 
pinions that will take considerable 
punishment has been a major prob- 
lem in the gearing industry. Through 
years of research, The Tool Steel 
Gear and Pinion Company of Cin- 
cinnati, Ohio has developed special 


LEADING 
MANUFACTURERS 


Chose 
CINCINNATI 
SUB-ZERO 
CHAMBERS 


gear manufacturing techniques that 
in application after application have 
proved extremely successful in pro- 
viding extra hard gear teeth while 
still preserving the strong ductile sup- 
porting core necessary to withstand 
severe service conditions. 


Write for a no-obligation proposal on the equipment best suited 
to your application through CUStOM ENGINEERED DESIGN. 


CINCINNATI 
SUB-ZERO PRODUCTS 


General Office & Plant 


3930 Reading Rd., Dept. R-6 © Cincinnati 29, Ohio 
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SHOT 
AND THIS & IS GRIT. 
WE MAKE BOTH 
IRON A AND @ STEEL’. 
QUALITY IS CONTROLLED 
WE THINK THEY’RE 
THE MOST “Sch 
“PERSUASIVE ABRASIVES” 
MONEY CAN BUY. 
OUR CUSTOMERS DO, 


CLEVELAND is the name and the place for 
PERSUASIVE ABRASIVES 


LEVELAND 
ETAL 
BRASIVE COMPANY 


World’s Largest Production Capacity 


GENERAL OFFICE: 888 East 67th Street + Cleveland 3, Ohio 
PLANTS: AT Howell, Michigan; Toledo; Cleveland + Teletype: CV 901 
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Refractory Metals . . . 


protection up to 200 hr. in air at 
1600° C. (2900° F). 

Research in France has involved 
studies on oxidation-resistant coat- 
ings, on the oxidation of columbium, 
and on the hydrogen embrittlement 
of tantalum. In Russia, there are re- 
search activities on phase and recrys- 
tallization diagrams of rhenium, on 
the alloying of columbium, and on the 
powder metallurgy of molybdenum, 
tungsten, rhenium, tantalum and co- 
lumbium. 

Turning finally to the field of pro- 
duction, Europe has excellent facili- 
ties for refining and fabricating re- 
fractory metals. Tantalum and colum- 
bium are produced mainly by elec- 
trolytic and carbothermic processes. 
There are many producers of tung- 
sten and molybdenum powder, em- 
ploying the well-known hydrogen re- 
duction process. (European produc- 
ers rely more on powder metallurgy 
techniques and less on vacuum melt- 
ing than do those in the United 
States, incidentally.) Columbium and 
tantalum ingots are consolidated gen- 
erally by sintering in vacuum. 
Metallwerk Plansee, a leader in the 
field, sinters ingots of molybdenum 
up to 800 Ib. in hydrogen muffle 
furnaces at 1750 to 2000° C. (3200 
to 3600° F.), as well as tungsten 
blocks up to 50 Ib. at 2500° C. 
(4550° F.) in bell-type furnaces. 
These are used as sheet bar for wide 
sheet and for large forgings for rocket 
motor linings in the United States. 

Metallwerk Plansee appears to 
have the leading position for fabri- 
cation of large-size mill products of 
refractory metals. They have rolled 
18 in. wide tungsten sheet and are 
constructing a 125-centimeter, two- 
high mill which is to be used for 
sheets up to 40 in. wide. They have 
also cooperated in fabricating tung- 
sten sheets 40 in. wide and 50 in. 
long with hand sheet mills in an alloy 
steel plant. Tungsten ingots from 
Plansee have been swaged to cylin- 
ders about 6 in. in diameter. Most of 
the other refractory metal companies 
of Europe have narrow-gage mill 
facilities and require collaboration 
with a steel mill to produce large mill 
products. 


Digested by M. W. HAWKEs 
from “Refractory Metals in Eu- 
rope”, by R. I. Jaffee, DMIC 
Memorandum 83, Feb. 1, 1961, 
Battelle Memorial Institute, Co- 
lumbus, Ohio. 
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MIDVAC INCREASES 
STRESS RUPTURE LIFE 
6 TIMES FOR JET 
TURBINE PARTS 


MIDVAC STEELS ARE PRODUCED BY THE MIDVAC PROCESS 


OF CONSUMABLE ELECTRODE MELTING 


When maximum reliability in the high temperature range and minimum rejects are 
required that's the place to specify Midvac Steels. These steels assure super alloys 
of increased tensile, higher impact properties, improved stress rupture strength at 
elevated temperatures and longer fatigue life. 

As an example air melted No. 901 had excellent high temperature strength, 
but often failed slightly below the required stress rupture hours (15) with little to 
spare over the minimum ductility requirements. Well over 100 hours can be 
attained with Midvac melted No. 901. 

The Midvac Process of consumable electrode melting eliminates atmospheric 
contamination, ingot soundness is improved, segregation is reduced, workability is 
increased and product quality is stepped-up. Midvac Steels are offered in many 
alloys as billets or forgings to meet the most critical design specifications of jet 
engine parts, missile and aircraft components and other products requiring 
properties beyond the capabilities of conventional steels. Let M-H metallurgists 
help you select the right alloy to meet your product's specifications. Write ... 


MIDVALE-HEPPENSTALL COMPANY e NICETOWN, PHILADELPHIA, PA. 
SUBSIDIARY OF HEPPENSTALL COMPANY, PITTSBURGH, PA, 
Plonts: Pittsburgh, Po. * Bridgeport, Conn. * New Brighton, Pa. 


VACUUM AND CONSUMABLE ELECTRODE STEELS + BACK-UP ROLL SLEEVES * FORGED STEEL ROLLS «+ FORGINGS 
RINGS « PRESSURE VESSELS * INDUSTRIAL KNIVES + DIE BLOCKS «© MATERIALS HANDLING EQUIPMENT 
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AL 


Contains detailed technical 
data on the entire family of 


THERMOCOUPLE ALLOYS 


“How to make better use of Chromel-Alumel thermocouples” 


That’s the subject covered in detail by this new basic guide to more 
accurate temperature measurement. It gives complete information on 
the entire family of Chromel-Alumel thermocouple alloys—special pur- 
pose grades as well as Standard Guaranteed Millivoltage materials. It 
clearly states Hoskins Accuracy Guarantees—lists temperature-milli- 
volt equivalents for Chromel vs Alumel—explains inspection and cali- 
bration procedures. What’s more, it also contains much useful technical 
data on testing, fabricating and protecting thermocouples—covers special 
applications involving reducing and corrosive environments, high tem- 
perature oxidizing atmospheres, precision laboratory work, jet engines, 
nuclear reactors and cryogenic temperatures. So 
if you’re concerned with accuracy, reliability, 
economy in measuring temperatures ranging 
from —300° to +2300°F., this manual is a must 
for you! Write for your free copy today. 


*The names “Chromel’’and “Alumel’ are registered trademarks of 


HOSKINS MANUFACTURING CO. 
4445 Lawton Avenue e Detroit 8, Michigan 
In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Producers of | | Custom-Quality Resistance, Resistor and Thermo-electric Alloys Since 1908 
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Cadmium Plating Can 
Embrittle Ultrahigh- 
Strength Steels 


To be certain that ultrahigh- 
strength steels are not em- 
brittled by hydrogen during 
cadmium plating, stringent test- 
ing is needed. 


ANTicIpaTiNe FUTURE Air Force 

requirements for environmentally 
protected steels with tensile strengths 
in the 280,000 to 300,000 psi. range, 
researchers have undertaken an ex- 
tensive program of evaluating hy- 
drogen embrittlement effects of cad- 
mium plating on A.LS.I. 4340 and 
a selected tool steel of the H11 type. 
The dead-load, notched tensile test 
was selected as a basis for evalua- 
tion because it was believed that 
the applied stress could be most 
accurately computed and reproduced 
in this test. A notch radius of 0.025 
in. was used, and all specimens were 
plated to 0.3 mil cadmium thickness. 

Groups of samples were plated in 
a conventional cadmium cyanide 
bath with a proprietary brightener, 
in a cadmium fluoborate bath con- 
taining peptone, and in a cadmium 
sulfamate bath with catechol as a 
grain refiner. Additional samples 
were plated without a_brightener, 
and other specimens were coated 
using cadmium immersion solution 
and vacuum metallizing techniques. 
Specimens were baked at 375° F. 
+25" prior to testing. Selected 
specimens also were subjected to 
various corrosion tests, salt spray and 
outdoor exposure. 

Results of the experimental pro- 
gram established the following: 

1. The sustained load test proved 
to be an extremely sensitive way to 
determine hydrogen embrittlement. 

2. Cadmium plating from a fluo- 
borate bath, generally accepted as 
a nonembrittling system, caused em- 
brittlement failure. 


Preferred Test Procedure 


A preferred test procedure was 
also developed for evaluating hydro- 
gen embrittlement: 

1. Machine four specimens (min. ) 
of same material which is to be 
evaluated, and process them through 
the same heat treatment. 

2. Plate them with the production 
process. 
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“Electric arc melting gives us improved metallurgical quality 
at an economic advantage,” says Birdsboro Corporation. 


Steel castings provide a wide range of selective materials, both as to 
chemical analysis and mechanical properties, which are suitable for 
application in various service and environmental conditions. The recent 
selection by Birdsboro Corporation of two new electric arc furnaces to 
replace open hearths and to complement existing arc melting facilities 
has contributed markedly to diversification of their steel foundry opera- 
tions to meet these requirements. 

Demand has been matched with flexible melting capacity through 
installation of two Heroult Electric Arc Melting Furnaces: 


Shell Size | Capacity Melting Rate 
8-foot | 10-ton 2 tons per hour 
13.5-foot 30-ton 7 tons per hour 


These two furnaces increase total electric melting capacity to 300 tons 
per day. 

Service to customers was the primary requisite in Birdsboro’s selection 
of this equipment. In addition, sales possibilities have increased, quality 
of metal is superior, alloy recovery is higher, maintenance is reduced, 
and man-hours per ton is lower. Result—steady improvement of steel 
melting costs. 

American Bridge constructs furnaces for all types of arc melting, in 
charge capacities to over 200 tons. You can select door-charge or swing 
roof top-charge types. Your crew can easily maintain a Heroult furnace. 

If you’re after melting flexibility, increased production, and lower 
costs, check American Bridge’s complete design, construction and instal- 
lation service. USS is a registered trademark 


General Offices : 525 William Penn Place, Pittsburgh, Pa. Contracting Offices in: Ambridge + Atlanta + Baltimore 
Birmingham + Boston + Chicago + Cincinnati + Cleveland - Dallas « Denver + Detroit - Elmira + Gary + Harrisburg, Pa. 
Houston + Los Angeles + Memphis + M polis + New York + Orange, Texas + Philadelphia + Pittsburgh 
Portland, Oregon + Roanoke « St. Louis - San Francisco + Trenton - United States Stee! Export Company, New York 


American Bridge 
Division of 
United States Steel 
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This mark tells you a product is 
made of modern, dependable Steel. 
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SHOT AND GRIT 


GENUINE ELECTRIC FURNACE 
STEEL ABRASIVES 


ALLOY METAL ABRASIVE COMPANY 
ORIGINATORS OF CAST STEEL SHOT 


121 South Division Street, Ann Arbor, Michigan * Area Code: 313 663-8529 
Circle 2254 on Page 48-B 


Illustrated: AGF 
Shaker Hearth, ‘In Line Quench’’, and 
Conveyorized Tempering Furnace. 


AuTomotionm best describes AGF’s unique automatic heat 
treating furnaces ... both Reciprocating Hearth and Rotary 
Retort . . . employing the ‘‘Work in Motion’’ principal that assures 
uniformity of case and hardening. 

AGF’s automoniom Furnaces operate wholly automatically 
and continuously, and are easily placed in any continuous or 
intermittent production line. 


Send for catalogs and details of models to meet your specific needs 


AMERICAN GAS FURNACE CQ), 1002 taraverte street, 


Circle 2255 on Page 48-B 


156 


Cadmium Plating . . . 


8. Test the plated specimens 
axially at 75% of the ultimate notch 
tensile strength of the untreated 
metal for a minimum of 200 hr. If 
any specimen fails, the plating is 
considered a failure. 

Other findings, and observations 
on hydrogen migration, bath throw- 
ing power and corrosion test results, 
are presented by the authors. 


Di by J. L. Wyatt from 
“A New Look at the Hydrogen 
Embrittlement of Cadmium- 
Coated High-Strength Steels”, 
by Norman M. Geyer, G. Wil- 
liam Lawless and Bennie Cohen. 
Proceedings, American Hiectro- 
platers’ Society, 1960, p. 148-151. 


Many Uses for Lithium 


Lithium, the lightest me‘al, 
rose from obscurity in little 
more than a decade and er- 
tered a period of spectecular 
growth. 


v™™, a metal with many essen- 

tial military and important civil- 
ian applications, is found in many 
minerals; spodumene, lepidolite, pet- 
alite, and amblygonite are the 
most important. The compound di- 
lithium-sodium-phosphate, which is 
recovered from brines of Searles 
Lake, Calif., is the fifth important 
source. 

Lithium is used in the form of 
compounds more than as the metal. 
A principal use is in special glasses, 
ceramics, and enamels; compounds 
are important because of their ability 
to fuse at relatively low tempera- 
tures. Low-melting enamels are 
useful for thin sheet steel products 
because the lower firing tempera- 
tures minimize warping. They are 
also used for decorating aluminum. 

Other lithium compounds are also 
useful. For example, lithium carbo- 
nate is converted to stearate to make 
“all-purpose” greases (which retain 
lubricity through wider extremes 
of temperatures than conventional 
greases). Lithium chloride and lith- 
ium bromide are employed in air 
conditioning and industrial drying, 
lithium hydroxide is used as a cata 
lytic agent in the Edison nickel-iron 
storage battery, and lithium fluoride 
and chloride can function as com- 
ponents of fluxes for melting, weld- 
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NOT “INDIAN TALK” —JUST A CRYPTIC DESCRIPTION OF 
THE DREVER ‘“CONVECOOL” SYSTEM FOR ANNEALING LINES 


In an uncomplicated design of Plenums (1), Slotted Blast Vents (2), Side Suction 7 
Chambers and Ducts (3), (4); with a minimum of Heat Exchangers (5), and Blowers 

(6); the “Convecool” Convection Cooling System used in Drever Strip Annealing 

Lines embodies extraordinary engineering ingenuity. 


MAXIMUM COOLING EFFICIENCY—MAXIMUM MAINTENANCE ACCESSIBILITY 


“Convecool” provides greater cooling atmosphere contact with the strip in a 
balanced design that can only fail safe without product spoilage or equipment 
damage. In contrast with complex water systems or multiple motor-blower-heat 
exchanger arrangements, the “Convecool” unit utilizes a modicum of moving parts 
in a simplified design that allows immediate, complete accessibility for mainte- 
nance or quick repair. Now in operation at the Aliquippa Works of Jones & Laughlin 
Steel Corp., the “Convecool” section of the Drever Annealing Line can handle strip 
up to 2000 fpm. At 1000 fpm strip is cooled from 900°F to 150°F in 43 seconds. : 


DREVER ENGINEERING FOR YOU 


Achieving a desired effect with such simplicity of design and operation takes 
advanced engineering. Just such engineering is necessary to meet today’s demand 
for higher production with more exacting quality standards at lower operating cost. 
Our engineers are available for consultation concerning your requirements. Write 
or phone us. Drever Company, Bethayres, Pa. Phone: Wilson 7-3400. 


DREVER LINE AT J & L, ALIQUIPPA, PA. 


ENGINEERING AND MANUFACTURING FACILITIES AROUND THE WORLD THROUGH ASSOCIATES IN FRANCE, 
GREAT BRITAIN, GERMANY, ITALY, JAPAN AND INDIA 
Circle 2256 on Page 48-8 
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Uses for Lithium . . . 


ing and brazing of aluminum and 
magnesium. 

Lithium metal has been employed 
as an alloying element in aluminum, 
magnesium and lead, and as an oxide 
and gas scavenger in copper alloys 
and "Stainless steel. (DiGEsTER’s 
Note: The new aluminum alloy, 
X2020. which contains about 1% Li, 


has higher strength and modulus of 
elasticity and a lower density than 
other high-strength aluminum alloys 
such as 7075 and 2024. Magne- 
sium-lithium base alloys containing 
up to 15% Li have lower densities 
than any present commercial metal. ) 

Starting in 1955, large quantities 
of lithium hydroxide were purchased 
by the A.E.C., which was extracting 
the Li® isotope for undisclosed 
reasons. The residue, lithium hy- 


Model RL-314-S 


New “LOWBOY” welder is packed with 
PRODUCTION IMPROVING FEATURES 


Unitrol—exclusive single dial controls 
wider current range than any other welder 
of its size @ Entire range can be remotely 
controlled @ Silicon rectifiers are perma- 
nently sealed for superior corrosion resist- 
ance, long trouble-free life ©@ Supplies 
110v. AC power for hand tools @ Can also 
be used for cutting, gouging @ Available in 


300 and 400 ampere models. 


CONSTRUCTION 


Look how compactly six ‘‘Lowboys’’ can be stacked and moved as a 
unit. Only one connection puts all six welders into operation. 


HOBART BROTHERS COMPANY, BOX MM-121, TROY, OHIO 
“Manufacturers of the world’s most complete line of arc welding equipment” 
Circle 2257 on Page 48-B 


droxide rich in Li‘, was stockpiled 
with the intention that it would be 
repurchased by the producers over 
a period of time. The A.E.C. pur- 
chases made it necessary for the 
lithium industry to expand its capac- 
ity tremendously. However, in 1959 
and 1960, the A.E.C. contracts 
were terminated, and at the present 
time the lithium industry has con- 
siderably more capacity than is nec- 
essary. What is needed now is an 
expansion and intensification of re- 
search on new uses for lithium. 


Digested by P. D. Frost from 
“Lithium”, by Albert E. Schreck, 
a chapter from Bulletin 585, 
Mineral Facts and Problems, 
1960 Edition, Bureau of Mines, 
U. S. Dept. of Interior, Wash- 
ington, D.C. 


Zn Coatings Keep Cb 
From Oxidizing at 
Elevated Temperatures 


Above 450° F., zinc coatings 
form intermetallic compounds 
with columbium which will pro- 
tect the base metal to 2050° F. 


feos TWO YEARS AGO, engineers 
at the Naval Research Labora- 
tory discovered that zinc coatings im- 
part oxidation resistance to colum- 
bium at elevated temperatures. 
Numerous studies of protection 
mechanisms, coating techniques and 
thermal ranges of applicability have 
since been completed. The paper 
summarizes factual information 
which has been developed to date on 
the protection phenomenon. 

Zinc forms a series of intermetallic 
compounds with columbium. The 
oxides of the two metals also exhibit 
compound formations and high solu- 
bilities. Three eutectic mixtures 
have been identified in the 
Cb,0;-ZnO system. The solubility 
of zinc is extremely limited, both in 
columbium and in the oxide com- 
pounds of the two metals. 

Zinc may be applied to columbium 
by vapor distillation, dipping, elec- 
troplating or cladding followed by 
diffusion. _ Compound formation, 
which follows a parabolic rate equa- 
tion, develops most rapidly at 
1450°F. The CbZn,; which is 
formed remains stable to 1890° F., 
at which point it decomposes to 
CbZn,. At 2050° F., CbZn,. decom- 
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poses; above this point the zinc 
vaporizes, and all protective proper- 
ties disappear. 

Air oxidation of zinc-coated col- 
umbium is comparatively slow; if 
the sample is preconditioned at 
1600° F., useful life is estimated at 
1000 hr. at 1800° F., and 20 hr. at 
2000° F. for a 6-mil coating. 

Zinc compound coatings on colum- 
bium exhibit remarkable self-healing 
properties. The mechanism of heal- 
ing is thought to be as follows: 

1. Columbium is oxidized to 
Cb.O;. 

2. Zinc vapor rapidly permeates 
the Cb.O,, and oxidizes on the sur- 
face to form a protective layer of 
ZnO at the Cb.O;-air interface. 

3. Additional zinc reacts with co- 
lumbium at the Cb-Cb,O, interface 
to form a layer of CbZng. 

In actual thermal cycle tests be- 
tween 1000 and 2000°F., zinc- 
coated strip specimens survived 50 
cycles without significant contamin- 
ation of the base metal. These tests 
were run in air with a stream velocity 
of 45 ft. per sec. 

Additions of aluminum, titanium 
and zirconium to the zinc coating 
appear to enhance its protective 
properties on columbium, but self- 
healing characteristics are impaired. 
However, the most significant vari- 
able is the thickness of zinc com- 
pound whieh is formed in the 
coating process; an increased thick- 
ness produces longer speeimen life. 

The review paper includes phase 
and diffusion diagrams, and cites 
eight authors on the subject. 


Digested by J. L. Wyatt from 
“Zine Coatings for Protection of 
Columbium From Oxidation at 
Elevated Temperatures”, by 
W. D. Klopp and C. A. Krier, 
DMIC Memorandum 88, March 
3, 1961, Battelle Memorial Insti- 
tute, Columbus, Ohio. 


Ductile Tungsten 
Can Be Made 


According to this report, 
tungsten rods become more 
ductile when they are electro- 
polished to depths of 0.005 in. 


Om OF THE MAIN FACTORS limiting 

the use of tungsten is its lack of 
ductility at room temperature. Since 
it is known that the mechanical prop- 
erties of tungsten bars are affected by 
the conditions of their surfaces 
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(among other variables), experi- 
ments have been performed to de- 
termine the nature of some of these 
surface factors. 

Among other things, researchers 
examined different methods of sur- 
face preparation. Beginning with 
sintered and swaged tungsten rods, 
commercially pure and % in. diam- 
eter, they ground some of the rods 
to a 16 micro-in. average rms. sur- 
face. The remainder of the swaged 
tungsten rods were dipped in sodium 


hydroxide to produce a 23 micro-in. 
average rms. surface. Then, the 
surfaces of selected bars from each 
group were either electropolished or 
ground. Amount of material re- 
moved from the surfaces of the rods 
by both methods varied from 0.001 
to 0.005 in. reduction of diameter. 
When both electropolished and 
ground bars were submitted to bend 
tests in an Instron machine, electro- 
polished specimens exhibited marked 
increases in ductility over the ductil- 


GOLD STAR SR 


GOLD STAR SRH 


. Much more! More and better welds in less time, for one thing. You buy the welder 
just once... but every minute it’s in use, it's bearing big interest in the form of in- 
creased production. More welder life too: Better basic design combines with Miller's 
own selenium rectifier to deliver performance, reliability and rectifier durability never 
approached elsewhere. And more economy too? Yes, especially more economy. That's 
why motor generator sets — even new ones — are being replaced daily with Miller Gold 


Star SR welders. 


Write for descriptive literature on the Miller Gold Star SR or SRH, or see your local 
Miller dealer for a demonstration on the how and the why of the ‘‘More You Get 
With a Miller.’’ He proves it! Also available upon request is a new and interesting 
pamphlet ‘‘Rectifiers for Welding'’ — which you should have. 


Distributed in Canada by Canadian Liquid Air Co., Utd., Montreal _ 
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STRENGTH + 
LIGHT WEIGHT 


That's the Beauty of 


DESIGN NOTE: 

The Military 
Ranger used 
N-A-XTRA 90 
(minimum yield 
strength, 90,000 
psi) in bars and 
plates ranging to 

1” thick, in main 
frame and cross 
members, loader 
mechanism and fork 
carriage. Fabrication 
followed standard gas 
cutting and welding pro- 
cedures. Excellent weld- 
ability of N-A-XTRA 
was important in join- 
ing to other steels. 


Great Lakes Steel is a Divisicn of 
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ROUGH TERRAIN 
MILITARY FORK TRUCK USES 


HIGH-STRENGTH STEEL 
FOR MAXIMUM LOADABILITY 
WITH MINIMUM WEIGHT 


The U. S. Army needed a material handling truck in 6, 10 and 15 thousand- 
pound-capacity sizes that would, among other things, operate in five feet 
of salt water . . . traverse sand beaches, rough terrain . . . climb 45% grades 
at a minimum of 2.0 m.p.h. . . . 15.0 m.p.h. loaded on the highway . . . load 
and unload from the far side of a flat car .. . tilt loads 30 degrees back, 
45 degrees forward, 10 degrees from the horizontal left or right. And all this 
within dimensional and weight requirements that would allow air transport of 
the vehicle. 

The U. S. Army Quartermaster Corps and the Industrial Truck Division 
of Clark Equipment Company came up with the answer—the Military 
Ranger. It meets or exceeds every operating requirement. And does it 
within the vital weight limit by using N-A-XTRA 90 high-strength steel in 
main frame, cross members, loader mechanism and supporting structure. 
N-A-XTRA handles the job in these high-stress areas, yet weighs three 
times less than mild carbon steel of equivalent strength. 

You may never have to air-lift your equipment, but that’s not the only 
problem N-A-XTRA solves. Rugged operating conditions, heavy loads and 
weight-saving construction—in such applications as, for example, heavy 
machinery and pressure vessels—are challenges that N-A-X TRA is designed 
to meet and beat. 

With excellent weldability, formability, and toughness even at subnormal 
temperatures, N-A-XTRA low carbon, extra-strength alloy steels give 
superior results with conventional fabricating methods, including cold form- 
ing, gas cutting, shearing and machining. N-A-XTRA high-strength steels 
are available in four levels of minimum yield strength, from 80,000 to 
110,000 psi, and in sizes ranging from ¥g to 1” thick, up to 72” wide and 
up to 35’ long. For further information, write Great Lakes Steel Corporation: 
Product Development, Dept. MP-16, P. O. Box 7310, Detroit 2, Michigan. 


NAXTRA 


HIGH-STRENGTH STEELS 


a product of 


GREAT LAKES STEEL 


Detroit 29, Michigan 
N-A-XTRA STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 


Benedict-Miller, Inc. Joseph Demsey Co. Ducommon Metals & Supply Co. 
Lyndhurst, New Jersey Cleveland, Ohio Los Angeles, California 
Interstate Steel Co. Lockhart Iron & Steel Co. Marsh Steel & Aluminum Co. 
Des Plaines, Illinois Pittsburgh, Pennsylvania Kansas City, Missouri 

O’Neal Steel, Inc. Salt Lake Hardware Co. A. C. Leslie & Company, Ltd. 


Birmingham, Alabama _ Salt Lake City, Utah Montreal, Canada 


NATIONAL STEEL CORPORATION 


DECEMBER 1961 Circle 2259 on Page 48-8 161 


2 
. 
a 
ae 


‘Bausch & Lomb 
MODEL 
Camera 


Reserve your metallograph for 
the more exacting studies. Let 
this versatile low cost Model L 
Camera carry some of the load. 
You get facilities for high-pow- 
er microscope work .. . plus a 
Macro Stage accommodating 
the widest range of gross speci- 
mens. And this popular 5 x 7 
camera with 30” bellows -draw 
photographs at all powers in 
crisp, vivid detail. 


Made in 


America, to BAUSCH & LOMB 


the world's 


highest 
standards 
BAUSCH & LOMB INCORPORATED 
84924 Bausch St., Rochester 2, N. Y. 


(_] Please demonstrate Model L Camera. 
(D Please send me Catalog E-210. 


NAME 


TITLE 


PROFESSIONAL 
ADDRESS 


| 
| 
| 

| 

| 

| 

| 
4 


‘--------- 


Circle 2260 on Page 48-B 


Ductile Tungsten . . . 


ity of the as-received bars. How- 
ever, bars which had merely had 
their surfaces ground exhibited no 
great increase of ductility over that 
of the as-received swaged bars. For 
the next step, electropolished bars 
which had exhibited increases in 
ductility were scratched by emery 
paper; this greatly reduced the duc- 
tility achieved by electropolishing. 

Electron microscope examination 
of electropolished surfaces indicated 
that surface roughness decreased 
significantly as increasing amounts 


Fig. 1 — Effect of Surface Removal by 
Electropolishing on Ductility of Tung- 
sten Rod Specimens. As received ma- 
terial bends 17° (top); material with 
0.003 in. removed, 38° (middle); and 
material with 0.005 in. removed, 155° 


of material were removed by electro- 
polishing. However, when brittle 
rods were electropolished, this action 
did not result in a marked increase 
in bend ductility. Thus, ductility 
was improved by removing surface 
material by electropolishing, but not 
by grinding. Apparently, removal 
of impurities by removal of surface 
layers is not the major cause of in- 
creased ductility. Reference to Fig. 
1 supports the major conclusion that 
removing the surface of tungsten 
specimens by electropolishing 
creases the room-temperature bend 
ductility. Further, it can be seen 


Write for 
Bulletins on 


LINDSAY. 
RARE EARTH 


and 


YTTRIUM 


METALS 


You will find in these bulletins a wealth of 
technical data which will be helpful to you 
in exploring the use of the rare earths in 
metallic forms . . . lanthanum through lute- 
tium, together with yttrium. 

In addition to supplying the bulletins, our 
technical staff will be happy to discuss with 
you problems on the use of rare earth and 
yttrium metals. 

In these LINDSAY materials, you will find 
the industry's largest variety and supply of 
rare earth products from one source. 

So check with us on your needs for metal- 
lurgical, electronic, semiconductor and re- 
search uses, and for applications requiring 
these metals as direct additions to alloy sys- 
tems or as convenient starting materials for 
synthesis of exotic rare earth compounds. 

Normal research quantity inventories are 
in the form of ingots of 99.9% purity, this 
purity being in terms of the content of the 
major rare earth in the total rare earth metal 
present. Non-rare earth impurities, in most 
cases, consist largely of small amounts of 
oxygen. Yttrium metal is available in several 
forms. 

Write today. We may be able to save you 
time and money and ease your introduction 
into the use of these materials. 


LInDsAY 
RARE EARTH AND YTTRIUM METALS 
are products of 


American Potash & 


Chemical ration 


Market Development Department 


- 
99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St., Los Angeles 54, Calif. 
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that a definite correlation exists be- 
tween amount of surface removed 
and the increase in the bend angle. 
In fact, the latter increases as much 
as sevenfold with reductions in diam- 
eter of 0.005 in. by electropolishing. 
Apparently, surface roughness is an 
important factor. 


Digested by Davip KRASHES 
from “An Exploratory Investi- 
gation of Some Factors Influenc- 
ing the Room-Temperature Duc- 
tility of Tungsten”, by Joseph 
R. Stephens. N.A.S.A. Technical 
Note D-304. 


Aluminum Alloys for 
Reactors 


As substitutes for Zircalloy-2 in 
reactors, Al-Ni-Fe alloys are not 
suitable, according to this work. 


HIS INVESTIGATION was intended, 

in the words of the author, “to 
review our knowledge of the corro- 
sion and mechanical properties of 
the best aluminum-nickel alloys that 
have so far been developed, and to 
assess these in relation to Zircalloy 
from the viewpoint of reactor eco- 
nomics”. Apparently, this aim was 
accomplished. At the end of the 
investigation, the researchers con- 
cluded that the aluminum-nickel-iron 
alloys were unattractive for use in 
water-cooled power reactors. 

Though the aluminum alloys had 
good corrosion resistance, the sheath- 
ing plate of aluminum would have to 
be considerably thicker than that of 
the Zircalloy. Since Zircalloy has 
also dropped in price, the aluminum 
alloys were dropped from considera- 
tion. However, the test results are 
of value. 

A large number of tests were 
made involving the following three 
aluminum alloys: No. 155 (0.5 Ni, 
0.5 Fe, 0.2 Si, 0.001 Ti); No. 157 
(2.0 Ni, 0.5 Fe, 0.2 Si, 0.001 Ti) 
and No. 185 (0.6 Ni, 0.5 Fe, 0.2 Si, 
0.19 Ti). All of these had less than 
0.06% of any of the following — be- 
ryllium, zirconium, copper, magne- 
sium, manganese and zinc. Before 
corrosion testing, the samples were 
annealed at 450° C. (840° F.) for 1 
hr. and air cooled. Then they were 
pickled for 10 min. in 5% NaOH, 30 
sec. in strong HNO, and 1 min. in 
20% H;PO,. After each pickling 
step, the specimens were thoroughly 
rinsed in water, and immediately be- 
fore testing they were degreased in 
acetone. (Cont'd. on p. 173) 
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Bausch & Lom salutes : 


Frank J. Duci 


.. Blue Ribbon Award Winner, 
1960 A.S.M. Metallographic Exhibit 


BLUE RIBBON 
AWARD WINNER 


Materials and Processes 
Laboratory, 

General Electric Co., 
Schenectady, New York. 


HIS AWARD-WINNING 
PHOTOMICROGRAPH, 
MADE WITH A 
BAUSCH & LOMB 


Ferrite Stringers in 
As-Cast 12% Cr Steel." 


Bausch & Lomb Metallographs help industry boost output and 
maintain quality by providing detailed magnified images—visual 
or photographic, for routine work and advanced research. 

The B&L Research Metallograph is one of a complete line of 
metallographic equipments. It provides ready choice of four dif- 
ferent views of the same sample—by bright field, dark field, polar- 
ized light, or phase contrast—ensuring complete identification. 

Find out how these faster, easier, completely dependable 
analyses can help you save on time and materials. Write for 
Catalog E-240, and for complete expert advisory service. No 

obligation, of course. Bausch & Lomb 
Incorporated, 63824 Bausch Street, 
Rochester 2,.N. Y. 
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for best photomicrograph 
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Carbon /Graphite Facts 


for METALLURGISTS 


NATIONAL graphite, which is created by 
thousands of degrees of heat, has more use- 
ful properties for aero-space heat-resisting 
applications than any other material. 
Rocket nozzle inserts, vanes, and other og 
components withstand temperatures of ae 
5000° F in fractions of a second. Graph- ‘ 
ite not only maintains dimensional stabil- 

ity, but gains strength as temperature rises. 


with non-melting ee | re = Light, non-melting graphite is the top an- 
- swer to spacecraft thermal needs. 
NATIONAL graphite 


NATIONAL 
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HEATING elements employing NATIONAL 
graphite provide excellent thermal, electri- 
cal, and mechanical advantages. Graphite 
elements can be fabricated to almost any 
configuration. The more common configu- 
rations are: hairpin or slotted plate type 
resistors and tubular and helical units that 
provide maximum resistance and require 
minimum space. Special shapes are readily ic 
available from NATIONAL CARBON’s com- oe 

pletely equipped machine shops. 


resistor-type 
furnaces performing 
to 3000°C. 


Circle No. 2246 on Page 48-B 


A wide variety of materials can be effec- 
tively melted—by electrical resistance, 
induction, or radiation—in crucibles of 
NATIONAL graphite. Most molten metals 
do not attack graphite and are not contami- 


and sizes nated by it. Typical applications include: 
melting of aluminum alloys, exotic and 
Fe precious metals, and quartz. NATIONAL 

produced to y our = = _ CARBON can supply crucibles up to 61” in 


diameter. 


: requir ements ae 7 EE Circle No. 2247 on Page 48-8 


WHATEVER your stock requirements in 
graphite, National Carbon Company —the 
nation’s most experienced graphite pro- 
ducer—can meet them with a wide variety 
of “off-the-shelf” square, rectangular, and 
cylindrical shapes, as well as fine-to-coarse 
powders and particles. Stock is available 


fine powders to —_ we Pais : in quantity and a variety of grades—ready 


to be machined by your own equipment or, - 


multi-ton hlocks | | better still, by NATIONAL CARBON’s skilled 


craftsmen in our modern machine shops. 
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“National,” “Union Carbide,” “N” and NATIONAL CARBON COM PANY UNION . 


Ghisid Device are registered trade-marks Division of Union Carbide Corporation - 270 Park Avenue, New York 17, N. Y. CARBIDE 


for products of 
IN CANADA: Union Carbide Canada Limited, Toronto 
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All Purpose 
STRIP MILLS Adaptable to... 


METAL POWDER 
ROLLING 


PRECISE, RUGGED, VERSATILE 


Highest quality is engineered into each minute 
detail of every STANAT mill. Long dependable 
performance in over £CO installations 
throughout the world attests to the extremely 
rugged, high precision construction of 
STANAT rolling mill equipment. 

Whatever your present or future requirements, 
you can now have a single STANAT MILL 

for any or all of the following... 

e Rolling Metal Powders into strip 

e 2-high hot or cold reducing 

e 4-high finishing 

e Back-up or work-roll driven operation 

© Hot or cold shape rolling 

e Tension winding to ultra thin gauges 

e Automatic roll changing (for glove-box operations) 


Write for full details. 
A NA ? 500 SHAMES DRIVE WESTBURY, L.|I., N.Y. 


MANUFACTURING CO.,/NC. IN EUROPE: STANAT-MANN, ESSEX, ENGLAND 


MFR'S OF ROLLING MILLS, GANG SLITTERS, WIRE FLATTENING MILLS, ROLLER LEVELERS AND BULL BLOCKS 
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Save Selection Time, 


Insure Accuracy, 
‘Cut Inventory Costs 


If you started using the new 
Allegheny Ludlum STEEL- 
ECTOR Program first intro- 
duced last year, you know what 
savings it can bring. If you 
didn’t, your competitors may 
have stolen a march on you. 

There are many advantages in 
the STEELECTOR system. Per- 
haps most important is the sav- 
ings in selection time. No longer 
need anyone spend hours in tool 
steel selection. By using one of 
the STEELECTOR Cards, an 
accurate selection can be made 
virtually at a glance. In seconds 
you can choose the tool steel 
grade with the particular com- 
bination of red hardness, abra- 
sion resistance, size stability, 
toughness, and machinability re- 
quired by the job at hand. 

You can select STEEL- 
ECTOR tool steels with confi- 
dence—they are always in stock. 
You don’t have to stockpile tool 
steel. Instead, by relying on 
Allegheny Ludlum material and 
using STEELECTOR grades, 
you can reduce the variety of 
tool steels in your inventory. You 
reduce problems because the 
STEELECTOR offers the tool 
steels that are right for your jobs, 
eliminates those that contribute 
nothing but confusion. 


STEELECTOR Cards Save 
Selection Time 


The threeSTEEZLECTOR Cards 
insure that you will pick the right 
tool steel for every application. 
Each STEELECTOR Card 
(there are cards for tool room, 
hot work, and high speed appli- 
cations) uses bar graphs to in- 
dicate the relative abrasion 
resistance, toughness, size stabil- 
ity, machinability, and red hard- 
ness of the STEELECTOR 
grades. You can select the best 
combination of properties for the 
job at hand virtually at a glance. 

STEELECTOR tool steels will 
meet your job requirements. You 
can clean house with the STEEL- 
ECTOR Program. No longer 
need your stockroom be cluttered 
with small stocks of scores of 
grades. No longer need you find 
yourself holding grades that re- 
quire different processing, yet 
give the same results. And you 
never need to worry about run- 
ning short. Allegheny Ludlum 
STEELECTOR grades are 
always in stock. 
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STEELECTOR Program Ends 
Supply Problems 


Huge warehouse stocks back up 
Allegheny Ludlum’s STEEL- 
ECTOR Program. You know 
before you order that the grade 
you have selected is in stock, in 
the size you choose. Here’s how 
the STEELECTOR System 
works: 

First, you select the right tool 
steel for your job by using a 
STEELECTOR Card. Then you 
check the STEELECTOR Data 
Stock List for the particular 
grade selected best for your job. 
(There is a List for each of the 
18 STEELECTOR grades.) Ail 
sizes and shapes in stock are 
listed along with hardening, tem- 
pering, and annealing tempera- 
tures. The List also gives the 
typical analysis of the steel, its 
AISI number, and describes its 
properties. Typical applications 
are listed along with suggested 
working hardnesses to confirm 
your selection. 


Free Booklet Explains the 
STEELECTOR System 


You will find a complete descrip- 
tion of the STEELECTOR Pro- 
gram in this colorful 10-page 
Allegheny Ludlum booklet. It 
tells how the STEELECTOR 
System helps you pick the right 
tool steels, save time, and end 
your supply worries. 

Each of the STEELECTOR 
grades is listed in the booklet 
along with its description, appli- 
cations, and AISI type number. 
Included are three handy 
STEELECTOR Cards that will 
save you time in picking the right 
steel for tool room, hot work, and 
high speed applications. Every- 
one who helps select tool steel 
needs this booklet. For your free 
copy ask your A-L representa- 
tive, or write: Allegheny Ludlum 
Steel Corporation, Oliver Build- 
ing, Pittsburgh 22, Pennsylvania. 
Address Dept. TS12. 


What Can The A-L STEELECTOR 
Program Do For You? 


Whether you are president, pur- 
chasing agent, stock room super- 
visor, engineer, or heat treater, 
you will find the STEELECTOR 
System can save you time, re- 
duce costs, and make your job 
easier. Check this list and see 
how the STEELECTOR System 
can help you: 

Owner, president or vice pres- 
ident. Reduces costs in ware- 
housing, purchasing, and inven- 
torying. Insures selection of the 
right tool steel—_prevents misap- 


plication and wrong heat treat- . 


ment. 

Operating man, superintend- 
ent, foreman, production 
control man. Ends availability 
problems. Large local warehouse 
stocks enable your in-plant 
stocks to be reduced. Consistent 
high quality. 

Engineer or metallurgist. 
Speeds selection of the right tool 
steel . . . saves the time formerly 
speni in selection for jobs that 
need it. 

Specifier, designers, tool 
room man. Assures you of the 
availability of the size and grade 
you need. Only 18 grades to con- 
sider for 96 percent of all appli- 
cations. 

Stock room supervisor. Saves 
storage space because fewer 
grades need to be stocked. Order- 
ing is simplified and paperwork 
reduced. 

Heat treater. Helps you op- 
erate furnaces more profitably 
—more tools can be treated at 
a time. 

Purchasing agent. Reduces 
paperwork and inventory needs. 


To learn of all the benefits of the 
A-L STEELECTOR System, 
ask for the STEELECTOR 
booklet described in the adjoin- 
ing column. 3297 
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ELECTRIC 
WELDING 


LINDE 


New...very-thin, fused deposits with controlled dilution 


New...high-speed, dross-free cuts in 5-in. thick metals 


Linpe, inventor of plasma arc processes, announces new 
PLasmarc weld surfacing and advanced PLasManc cutting. 
What is plasma arc? It is a flow of gas forced through an elec- 
tric arc, constricted in a small-bore torch nozzle, and acceler- 
ated to form an intense jet. It combines electrical heat with 
the latent heat of highly-excited ionized gas atoms to reach 
one of the highest known metal-working temperatures 
(30,000° F.). It will melt any known metal. 


A TRUE WELD 


Piasmarc weld surfacing is true welding—not coating or 
plating—achieved by feeding powdered metal through the 
plasma arc into a weld puddle which freezes to form the 
deposit. Its precision eliminates excess buildup—ideal for 
such parts as valves, plowshares, seals . . . 

PLasmarc weld surfacing gives precise control of penetra- 
tion of overlay metal into base metal—as little as .005 in. or 
higher. Gives precise control of dilution with base metal— 
from 5% up to 50%. Provides one-pass deposits as thin as 
.010 in., as thick as 3/16 in., with a wide range of metals and 
alloys. Produces widths from 4 in. to 1 in. or more, speeds 


weld surfacing with “Haynes Stellite” 157M 
periphery of mild-steel disc. } 


over 20 ipm at 95%, deposition efficiency, flatter and smoother 
deposits than other fusion processes. 


4000 FT./SEC. VELOCITY 


PLASMARC cutting uses a near-sonic velocity plasma jet (4000 
ft./sec.). It easily melts-and-forces a narrow kerf through 
both ferrous and non-ferrous metals with little or no change 
in metallurgical properties. After six years’ success, it is re- 
placing shearing, sawing and powder cutting —slower meth- 
ods which often require machining of the cut edge. 

PLasMarc cutting has been further developed—heavy- 
duty equipment, higher current capacity—to handle increased 
metal thicknesses. It cuts aluminum, magnesium and copper 
up to 5-in. thick and stainless steel up to 2 in. thick, dross- 
free. It clean-cuts 4-in. thick stainless, nickel, carbon steel 
(requires no iron powder), “Monel,” “Inconel,” cast iron, 
high-alloy and clad steels. It makes precise, high-speed cuts 
up to 300 ipm, holds tolerances to 1/16 in., leaves a heat band 
as thin as .006-in. wide. 

Get full details . . . see a “live” PLasmarc demonstration. 
Contact your local Linve office or write direct. 


LINDE COMPANY 


Division of Union Carbide Corporation _ 
270 Park Avenue, New York 17, N.Y. 
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PORTRAIT OF PROGRESS: Wean Annealing and Pickling Line at Armco Steel Corporation’s Butler Works 


Wean Line Part of Armco’s Expansion 
into Wider, Closer Tolerance Stainless 


Over the past ten years, Armco Steel 
Corporation has carried on a multi- 
million dollar expansion and moderni- 
zation of its Butler, Pennsylvania plant 
facilities. One of the latest projects 
boosts the plant’s production of flat- 
rolled stainless steel, providing custo- 
mers with wider, closer tolerance stain- 
less sheet and coils. 

A vital part of this program is repre- 
sented by the Wean stainless annealing 
and pickling line illustrated. This line is 
unique, in that all processing sections 
are installed above floor level. Above- 
ground design facilitates inspection and 
maintenance of the furnace section, 
acid tanks, and drive mechanisms. 


THE WEAN ENGINEERING COMPANY, INC. - 


Armco’s new Wean line is capable of 
handling 30,000-pound stainless steel 
coils from 24” to 52” in width and from 
.010” to .080” in thickness. The line 
operates at speeds up to 150 feet per 
minute. An even flow of materials is-~ 
maintained in the processing section by 
two pay-off reels that permit rapid join- 
ing of coils. 

The Wean “creative engineering” 
that resulted in these new design fea- 
tures has also been part of the develop- 
ment of annealing facilities for every 
major steel producer. This background 
of research and development is ready 
to help you solve your production and 
modernization problems. 


WARREN, OHIO 
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«2 These Bristol Dynamaster* instruments moni- 
tor soaking pit operation in new, multi-million-dollar aluminum 
fabricating plant of Anaconda Aluminum Company at Terre 
Haute, Indiana. Staff engineer analyzes record. 


HEAT TREATING. Anaconda staff engineer checks 
temperature records, produced by Bristol Dynamaster instru- 
ments, for vertical extrusion heat-treating tower, part of which 
is shown at left. 


ANNEALING. Dynamaster* instruments here control 

and record annealing furnace temperatures in new Anaconda 
Aluminum plant. Over 111% acres under one roof, the new 
plant produces aluminum sheets, extrusions, tubes and ingots. 


AGING. Dynamaster instrument p2nel at left controls and 
records temperatures in aging furnaces in new Anaconda Alu- 
minum Company plant. Furnace operator at right is moving 
rack car into furnace. 


BRISTOL INSTRUMENTS 
FOR THE METAL INDUSTRY 


The key to higher quality, more uniform production, greater efficiency 


Bristol offers pyrometers for every requirement: 
Electronic potentiometers (including miniature 
models), millivolimeter and radiation types... for 
furnaces, ovens...every type of heating equipment, 
every kind of fuel. 

Bristol Dynamaster* electronic potentiometer 
pyrometers, service-testedand proved inthousands 
of industrial plant installations, fully measure up 
to the requirements of today’s most advanced steel 
and metal-working plants. Check these modern 
features: 

1. Continuous standardization —eliminates usual 


standardizing mechanism and dry cell...no inter- 
ruption to control. 

2. Simple, modular design— few moving parts. 

3. Easy to use and service —minimum maintenance. 
4. Rugged construction— continued accuracy and 
reliability under tough conditions. 

Write for complete data—and remember, Bristol 
markets a complete line of pyrometer accessories 
available for fast delivery to keep your plant in 
operation. The Bristol Company, 106 Bristol Road, 
Waterbury 20, Conn. *T.M. Reg. U.S. Pat.Of. 0. 


OL ...for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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It’s more than a matter of taste 


Wherever food and metal meet, in a processing plant or 
kitchen, the metal is usually stainless steel. The flavor and 
purity of food are entrusted to stainless because no other 
metal matches its resistance to contamination and corro- 
sion. And none—metal or plastic—is so durable, decorative 
and easy to clean. 

Such complete trust in a product comes only from time- 
tested performance — the reason J&L consistent quality 


stainless steel is specified by manufacturers of equipment 
widely used by packers and processors, and by chefs in 
restaurants, hospitals and hotels. By delivering quality 
consistently, J&L helps the food industry safeguard its 
products, all the way from plant to palate. 

Get consistent quality stainless steel from your J&L 
distributor, who is backed by the full facilities of J&L’s 
research laboratories. 


Jones & Laughlin Steel Corporation 


STAINLESS AND STRIP DIVISION « DETROIT 34 


STAINLESS 


SHEET-STRIP- RAR WIRE 
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Amchem’s new program to insure 
the highest uniform quality from 
Amchem’s metal treating processes 


LINEGUARD is Amechem’s industry-wide program for providing automatic 
sensing and ¢ontrol equipment as an integral part of many of Amchem’s 
metal treating products and processes—cleaners, etchants, chromates and 
phosphates for spray or dip application. 


AMCHEM LINEGUARD functions as an electronic watchdog on your pre-paint 
process, takes all the guesswork out of providing sustained uniformity of 
coating throughout the workday; eliminates previously costly maintenance 
and control procedures, releases personnel to more productive tasks. 


AMCHEM LINEGUARD— if you fabricate and coat metals, remember the name! 
It’s your key to a new kind of quality control that assures greater coating 
uniformity, substantial dollar savings in maintenance and manpower. 


AMCHEM LINEGUARD is practically a necessity if your operation is geared to 
high volume, Mass production output. For maximum quality at minimum cost 
ask your local Amchem Representative about LINEGUARD, or write direct 
to Amchem where metal protection means more than just chemicals! 


<QICHED> AMCHEM PRODUCTS, INC. 


Amchem is a registered trademark of 
AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 
AMBLER, PA. + St. Joseph, Mo. * Niles, Calif. * Detroit, Mich. * Windsor, Ont. 
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Aluminum Alloys . . . 


Static corrosion tests were per- 
formed in stainless steel autoclaves. 
Specimens were completely 
mersed in deionized water, this 
water being changed every time 
specimens were removed for inspec- 
tion. The maximum time between 
inspections was one week. 

Dynamic tests were carried out in 
a stainless steel loop in which pres- 
surized water was recirculated at 
260°C. (500° F.). Water purity 
was maintained by ion-exchange, 
and the velocity of water past the 
specimens was held steady at 20 ft. 
per sec. 

The method for assessing the 
amount of corrosion differed for the 
static and dynamic tests. In the 
temperature range of 260 to 300° C. 
(500 to 570° F.), the corrosion prod- 
uct for aluminum-nickel alloys is 
bohmite (Al,O, * Weight- 
gain measurements provided the ba- 
sis for estimating corrosion. For the 


dynamic tests, however, weight gains 
were not sufficiently accurate since 
some of the corrosion film may be 
lost by dissolution, spalling, and ero- 
sion. Therefore, corrosion penetra- 
tion was taken as the decrease in 
average radius of uncorroded metal 
in the cylindrical specimens. Static 
tests on alloys No. 155 and 157 in 
water at 300°C. (570°F.) con- 
ducted over a period of 30 weeks 
showed that corrosion was greater 
for alloy No. 155; it gained some 11 
mg. per sq.cm., while No. 157 
gained only some 7 mg. per sq.cm. 
The attack on No. 155 was less uni- 
form than No. 157. The addition of 
small amount of titanium, beryllium 
and zirconium, as in alloy No. 185, 
gave a similar corrosion rate to alloy 
No. 157. When “heavy water” was 
used as the medium, specimens 
showed less corrosion than for light 
water. 

It has already been established 
that corrosion rates for aluminum- 
nickel alloys are higher in dynamic 
than static tests. It was found that 
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| For TENSILE, TRANSVERSE 
| and COMPRESSION TESTING 


Special 
BAIN AND PAXTON'S 
new 2nd edition 


ALLOYING ELEMENTS 
IN STEEL 


This widely-known book, in use for 
more than 20 years, has been com- 
pletely revised and up-dated. 

It concentrates in 248 pages the scien- 
tific and engineering information on 
the influence of alloying elements in 
steel, the actual function of various 
elements incorporated in alloy steels. 
It shows the extensive list of prop- 
erties that may be altered by alloying 
elements, through their effects on 
microstructure. 

This is a distinguished and authorita- 
tive book in a new edition. It belongs 
on your reference shelf or in your li- 
brary. 


Authors: Dr. Edgar C. Bain 
Dr. Harold W. Paxton 

5% x 8%—248 pp.—195 illustrations 
ASM members—$7.60 
Non-Members—$9.50 

Price includes U.S. & Canadian post- 

age. Add $1.00 for foreign postage. 


.. Add 3% sales tax to 


The Model UT-6 has the capacity for 
heavy testing—yet its double set of load 
operating systems gives fine sensitivity 
to low range testing (below 10,000 Ibs.) 
as well. It has the design, structure, and 
features of more costly machines. 


—_.. check or m.o. enclosed 


“Alloying Elements in Steel"’, 
. bill me 


Write today for more 
information about our 
tensile testers 


DETROIT TESTING 
MACHINE COMPANY 


9384 Grinnell Avenue, Detroit 13, Michigan 
Circle 2267 on Page 48-B 


AMERICAN SOCIETY FOR METALS 
METALS PARK, OHIO 
— copies 
as soon as printed. $_ 
purchases delivered in Ohio. 
__. bill my firm 


COMPANY 


Model UT-6 
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A WORLD MARKETING AND ATTENDANCE 
EVENT FOR THE METALWORKING INDUSTRY 


Glittering New York and its spacious Coliseum 
combine to provide the perfect exhibit site for 
The World Metal Show . . . sponsored by ASM 
to present to domestic and overseas buyers the 
top advancements in materials technology. 


THE WORLD METAL SHOW 

has been created to meet industry demands. 
The World Metal Show will demonstrate in 
its exhibits and the NATIONAL METAL 
CONGRESS in its technical sessions, the 
progress of man’s achievements in materials 
and processes. The World Metal Show will 
draw the biggest and most select attendance 
of metals and materials buyers ever assembled 
to provide a vital sales area for exhibitors. 


ASM MATERIALS APPLICATIONS CENTER ... 
dramatically colorful! Uniquely complete! ASM 
sponsored to depict and compare contemporary 
and future materials and processes. Its ma- 
terials and their applications will provide an 
extra educational attraction with its displays 
of important technical advancements. 


Metals Park, Ohio 


(IS) 
wy) THE AMERICAN SOCIETY FOR METALS 


10546-ASM 


: RESERVE SPACE NOW! Write for the colorful brochure . . . it has 
; all the facts . . . plus detailed FLOOR PLANS of the NEW YORK 
COLISEUM for your selection. 


Name 


Title 


Address 


Company 


City Zone State 


23 
2 
a 


wee 


coliseum 


october 28th—nove ber 2nd. 


3 Ph. 
ap 


These FEATURES 
will Reduce Heat 
Treating Costs 


@ Furnaces used for processing 
wide variety of shapes and sizes 
of materials. 


@ Easily replaced heating elements 
and higher quality construction 
materials reduce maintenance 
time. 


@ 1200°F. to 1900°F. operating 
range meets most heat process- 
ing needs. 


@ Heating cycles are consistently 
reproduced with automatic tem- 
perature control and even heat 
distribution. 


@ May be used with or without 
protective atmosphere. 


Bulletin 15 gives com- 
plete details on 21 differ- 


Sunbeam ent sizes of the Sunbeam 


HG box furnaces. Write 
for your copy today. 


® SUNBEAM 


SUNBEAM EQUIPMENT CORPORATION 
194 MERCER STREET - MEADVILLE, PA. 


Circle 2268 on Page 48-8 
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Aluminum Alloys 


the addition of 1000 ppm. of SiO, to 
the water distinctly reduced the cor- 
rosion penetration in alloy No. 155, 
the boéhmite deposit being replaced 
by montmorillonite and kaolinite. 

Some investigation was made of 
the effect of “heat flux”. Fuel-ele- 
ment sheathing gets hotter than the 
circulating water, and the effect of 
this heat flux must be considered be- 
fore adopting any alloy for sheathing 
purposes. 

As for mechanical properties, al- 
loy No. 157 is superior to No. 155. 
Fabrication and welding are also dis- 
cussed briefly. The type of water- 
cooled power reactor being devel- 
oped in Canada is the pressure tube 
type in which heavy water is used 
both as moderator and coolant, and 
uranium dioxide as fuel, using Zircal- 
loy sheathing. From this investiga- 
tion we find that aluminum-nickel- 
iron alloys have corrosion rates in 
static high-temperature water which 
are very high relative to those of 
Zircalloy, but very low relative to 
other commercial aluminum alloys. 


Digested by H. J. Roast from 
“Aluminum Alloys for Water- 
Cooled Power Reactors”, by 
E.C.W. Perryman, Journal of 
the Institute of Metals, October 
1959, p. 62-73. 


Papers invited for... 
Structure and Properties 
of Liquid Metals 


The Transactions Committe of the 
American Society for Metals is in- 
viting papers to consider for pre- 
sentation at its special session 
“Structure and Properties of Liquid 
Metals” to be held Nov. 2, 1962, 
during the 44th National Metal Con- 
gress in New York. Papers will be 
reviewed by the Transactions Com- 
mittee for acceptance for presenta- 
tion and subsequent publication in 
Transactions Quarterly. 

Manuscripts in triplicate, plus one 
set of unmounted original photo- 
graphs and original drawings, should 
be sent to the attention of John 
Parina, Secretary, Transactions Com- 
mittee, American Society for Metals, 
Metals Park, Ohio. Papers to be 
considered must be received at 
Metals Park by May 15, 1962. 


VACUUM 


FURNACE 


...for heat treating 
up to 2600°C. 


The NRC Equipment Corporation 
Model 2914-A High Temperature 
Vacuum Furnace has a 3” diameter 
by 6” high hot zone of resistance 
heated tantalum for operation up to 
2600°C. The furnace is used for high 
temperature vacuum sintering, braz- 
ing, annealing, heat treating, and is 
adaptable for vacuum tensile testing 
and quenching. 


NRC furnace designs are based on 
actual furnace operation experience, 
plus years of valuable manufacturing 
experience. Both factors count heav- 
ily in design of high temperature 
vacuum furnaces. 


This furnace gives you reliable performance 
because of these exclusive design features: 


Resistance Heated Elements... made from 
0.010" thick tantalum, thicker for longer life. 
At 2600°C, tantalum evaporates rapidly in 
vacuum, causing fast deterioration of thinner 
elements. 


Low Voltage Heater Operation (8 volts)... 
prevents arcing from ionized gas... provides 
better temperature uniformity, thus elimina- 
ting hot spots... reduces heater deterioration. 


Hinged Vacuum Chamber and Vertical 
Base Plate ... mounted on side of cabinet, 
provides maximum all-side accessibility to 
heating elements, shields, and vacuum feed- 
throughs for easier loading, inspection, and 
maintenance. 


VUE for spec sheet on the Model 2914-A 
Dept. I-L, 


160 Charlemont St., Newton 61, Mass. 


NRC 


EQUIPMENT 
CORPORATION 


METAL PROGRESS 
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NEW SENSITROL PYROMETER COMBINES 
e Daystrom Creative Engineering 


e Weston Accuracy and Reliability 


The Daystrom Sensitrol Pyrometer is now available for 
your most critical temperature control applications. 
This new instrument has an accuracy of +0.5%, full 
scale, and a sensitivity of +0.1, thanks to a depend- 
able Weston galvanometer sensing ele- 

ment. A non-contact photocell actuates 

the control .. . completely eliminating 

drag on the galvanometer. 


Here are a few of the many other fea- 
tures offered by Model 8800 Sensitrol 
Pyrometer: Solid state throughout. 
Plug-in modular construction for sim- 
plicity of maintenance . . . no soldering 


required. Only 10*\¢” x 74%”, the unit can be flush or 
panel mounted. It has a long 6-inch scale, range of 0-400 
to 0-4,000 F, with set points adjustable over entire 
range. Signal lights at each end of the scale make it easy 
to read control position from a distance. Two modes— 


ON-OFF or three position. 


Write today for complete technical data or applications 

assistance on the new Sensitrol Pyrometer—a product of 
unexcelled Daystrom experience and 
traditional Weston accuracy! Day- 
strom, Incorporated, Weston Instru- 
ments Division, 229 Manchester Road, 
Poughkeepsie, N. Y. 


International Sales Division, 100 
Empire St., Newark 12, N. J. In Can- 
ada: Daystrom Ltd., 1480 Dundas 
Highway East, Cooksville, Ontario. 


DAYSTROM se INCORPORATED 


WESTON INSTRUMENTS DIVISION 
‘Reliability by “Design. 
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ROBOTROL 


“PUNCH CARD” SYSTEM 
WORKS LIKE THIS 


With this system a standard punch card is 
the job ticket. The metallurgical department 
punches it to set up treatment factors for desired 
result. When the work arrives at the furnace the 
operator merely puts the card in the Robotrol 
panel. He can’t treat the work without putting 
the card in. He can’t put it in wrong. He doesn’t 
have to read or set instruments, adjust dew 
points, time carburizing and diffusing periods, 
decide on type and timing of quench. The punch 
card controls these automatically. It can 
provide for a variety of operations and 
required cautionary procedures. As the 
work moves on and is completed 
the punch card provides a per- 
manent record of the exact 
treatment given it. 


For the first time automatic quality control in heat treating 


System completely eliminates factor of furnace operator error 


Provides exact record of metallurgical treatment on every job 


ROBOTROL 


Guarantees you precise uniformity and quality in heat treating 


Introduced at the recent ASM Show at 
Detroit, this new Lindberg Robotrol auto- 
matic quality control system has been in 
development for more than five years. With 
this punch card system pyrometers, timers, 
atmosphere control instruments and all the 
factors on which metallurgical results are de- 
pendent are set up and automatically con- 
trolled. It is practically impossible for the 


furnace operator to treat the work improperly. 

The punch card also provides an exact record 
of the treatment given each job. You know 
exactly what happened. 

The Robotrol system is extremely flexible 
and can be adapted to any kind of heat treat- 
ing cycle. For full information consult your 
local Lindberg Field Representative (see 
classified phone book) or write us direct. 
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VENGH 
TEMP. 


5 pewPoint 
DIFFUSION 


4 DIFFUSION 


5 pewPoint 


10 


TIME 


TIME 


of CONCEPT IN HEAT TREATING TECHN IQUE. | 
PUNCH ‘CARD QUALITY CONTRO} SYSTEM NOW PERFECTED - 
525 1580 1878 1625 1650 1700 (750 gonTROL 
TEMP. 
QUENCH \475 1500 \550 \600 \625 \650 \675 \700 1725 1750 

TEMP. 

| 6° 55 50 a5 40 35 3 20 15 
cool 

a oll HARD- 48 44 40 36 32 28 24 20 16 12 8 po 
QUENCH 


DIAMOND BLOCK® AND 
Hardening | 
| Atmosphere EARN MORE 
| MAKE YOUR JOB MORE SECURE = 
‘ Through courses taken by the proven Home Study 
: method of Metals Engineering Institute, an accredited 4 " 
institution. Courses are available on a variety of : 
subjects including: 
Elementary Metallurgy Corrosion 
for on high corse Heat Treatment Electroplatin 
high chrome, air hardening and high ; P 9 
speed steels. Safe for your important tools. Casting Stainless Steel 
Machining Tool Steels 
y et Send for high speed furnace bulletin and many other subjects. | 
ELECTRIC For detailed information, simply write to: 3 
FURNACES Metals Engineering Institute, Dept. Q ‘ 
Request Cotolog 10-V. Write THE SENTRY CO., FOXBORO, MASS. Metals Park, Ohio 
Circle 2271 on Page 48-B 


NEW... COMPLETE S/GMA SWM-14 OUTFIT 
AT A LOW PACKAGE PRICE—$1,475 


Linpe’s all-new Sigma SWM-14 Short Arc package... all the 
equipment you need for welding thin-wall pipe, tubular struc- 
tural members, all thin-gauge metals—without burnthrough. Short a 
Arc welding uses tiny drops of metal, not a spray. Tolerates 100°; 
gaps. All-position welding with uniform burnoff rate, pinpoint | 
heat control, minimum distortion. set 
The SWM-14’s only “economy” is its price—$1,475. All parts are 
heavy-duty and readily accessible. Compare what you get: 
Compact, detachable wire-feed control centrifugal 
governor —swivel-mounted on power su 
200-amp power supply (100°% duty )w ith variable voltage 
and inductance. 
@ 14-0z., 200-amp, air-cooled torch for .030-, .035- and .045-in. 
diameter wires. 
¢ Shielding gas regulator-flowmeter. 
e 10 ft. of argon, wire-feed, and power lines. 
For complete details . . . and a “live” demonstration . . . contact 
your local Linve office or write direct. 


LINDE COMPANY 


Division of Union Carbide Corporation 
270 Park Avenue, New York 17, New York 
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Subject Index 


The subject headings used in this index are chosen in accordance with 
the ASM-SLA Metallurgical Literature Classification, International (Re- 
vised) Edition, published by the American Society for Metals, 1958. 


Abrasion resistance 
Testing Protective Coatings on eases 
by Paul Smits. . 3-75 


Air pollution control 
From Here and There . . . Control of 
smoke and fume seats from open- 
hearth furnaces (tm) 2-10 


Aircraft 
The Effects of Strain Rate and Temper- 
ature on Metals, by J. R. Kattus 
Nucleonics in Flight, by W. J. Hendry 
and Walter J. K (d).. 2-132 
Two Superalloys for Jet Engines . . 
Udimet 700, a a Alloy, by I. s. 
Servi and W. Boesch; and IN-100, 
a Cast Alloy, a S. F. Sternasty and 
E. . Ross. - 
Vacuum Melting Improves Properties of 
by P. E. Ruff and R. 


Ste 

Ww hat. "Tool Steel Shall I Use .. . for 
Applications in Structures aun Com- 
ponents?, Staff Report... 


Alloy nitriding 
A New Nitriding Process from Ger- 
many, Staff Report 1 


Alley steel for turbine rotors 
German Commentary on Turbine Fail- 
ures, by S. Ammareller and P. Gruen.. 2-89 


Aluminum alloys 
Aluminum 2219 . . . New Alloy for 
High-Strength Structures, 
F. R. Collins, F. G. Nelson and I. B 
Robinson " 5-82 
Aluminum Alloys for Reactors, by E. C. 
W. Perryman (d) 6-163 
The Effects of Strain Rate and Temper- 
ature on Metals, by J. R. Kattus.......... 6-85 
Forming and Finishing Aluminum Auto 
Trim (c).. ..8-118 
From Here and “There . “Railroad 
hopper made from aluminum alloy 
(tn) . : 5-10 
Improvement _ in the Anodizing Proper- 
ties and Corrosion Resistance of Alu- 
minum Alloys by Hyper-Hotworking, 
by J. Hérenguel and P. LeLong (d)....3-166 
A New High-Strength Aluminum Alloy, 
by J. A. Nock, Jr., Marshall Holt, 
and D. O. Sprowls... (0) 5-114 
Stress-Corrosion Immunity for 7075 
Aluminum Alloy (tn)... mines 1-8 
Welding 2219 Aluminum for “Bomare 
Fuel Tanks, by Stanley L. Sears and 
Richard S. Crial... 5-88 
What Metal Shall I ‘Use . . for Die 
Castings, Staff Report... « 4-97 
What Metal Shall I Use. . for. Fabri- 
cation of Cryogenic Vessels and 
Equipment?, by George H. Zenner....4-114 
What Metal Shall I Use. . 
Strength Welded Structures ?, 


Forming and Finishing Aluminum Auto 
Trim, Staff Report... 


Aluminum alloys, 
Huge Aluminum Vessels Store sunt 


Aluminum alloys, welding 
Residual Welding Stresses in Aluminum 
Alloys, by H. N. Hill. 2-9 


Aluminum coating 
Hot-Dipped Aluminum Steel Fas- 
teners (tn) 


Ausforming 
Deformation of Metastable Austenite.. . 
an Interim Report on a New Process, 
by V. F. Zaockay, . M. Justusson, 
and D. J. Schmatz 


Automation 
Punch Card Controls for Heat Treating 
(tn) 


Automobiles, trim, finishing 
Forming and Aluminum Auto 
Trim, Staff Report.. Eos . 1-67 


Automotive applications 
What Steel Shall I Use . . . for Heat 
Treated Parts in Automobiles, Trucks 
and Tractors?, Staff Report.................. 4-66 


Bearing materials 
Recent High-Temperature Bearing De- 
velopments, by John H. Johnson (d)....3-162 
What Metal Shall I Use . . . for Bear- 
ings To Be Employed at Elevated 
Temperatures?, by H. M. Lampert....4-10) 


Bearings 
What Tool Steel Shall I Use . . . for 
Applications in Structures and Com- 
ponents?, Staff Report 4 


Beryllides 
Beryllides — New ma- 
terials (tn) 6-9 


Beryllium 
Beryllium Corp. Dedicated New Plant 
(tn) 


Bimetals 
What Metal Shall I Use... 
ance-Welded Thermostats? 
mond M. Sears 


for Resist- 
by Ray- 
4 


Biography 
John Burlin 
Bonding 
Materials wats in Organic Adhesives 


Brazing 
Brazing of Components for Small Gas 
Turbine Engines, ” Stern 
..8-101 
Cale ulating “Cycles for Brazing, “by “H. 

M. Lampert, Jr. oe 3-106 
Progress in Brazing 1-132 
What Metal Shall I Use... for Fabri- 

eation of Cryogenic Vessels and 

Equipment?, by George H. Zenner....4-154 


Brazing alloys 
The Evolution of Ductile High-Tempera- 
ture Brazing Alloys, by D. C. Herr- 
schaft ...... 3-97 
Ternary Systems for Ductile Brazing 
Alloys, by D. C. Herrschaft (ds)......... 3-96 


Business machines 

The Metallurgist’s in Selecting 
Materials for Business Machines, by 

C. Williams 

What Steel Shall I Use ... for Heat 
Treated Parts in Business Machines 
and Home Appliances?, Staff Re- 


Cadmium 
Cadmium Plating Can Embrittle Ultra- 
high-Strength Steels, by Norman M. 
Geyer, G. William Lawless and Bennie 
Cohen ...6-154 


Carbon 
Carbon and Graphite in the Metallur- 
gical Industries, by Neal J. Johnson, 
V. J. Nolan and J.W. Shea (d) 


Carbon steel 

Columbium-Treated Mild Carbon, Semi- 
killed Steels, by C. L. Altenburger 
(d) .. 

Mechanisms of. “Boundary “Lubrication— 
Boundary Lubrication of Copper, Mild 
Steel and Stainless Steel During Se- 
vere Cold Deformation, by P. R. Lan- 
caster and G. W. Rowe (d)...............-..5-163 

What Meta! Shall I Use .. . for Fabri- 
eation of Cryogenic Vessels and 
Equipment?, by George Zenner..........4-112 


Carbon steel, nitriding 
A New Nitriding Process from Ger- 
many, Staff Report 1 


Carbon steel, scale 
A Magnetite Seam at the Scale-Metal 
Interface on Mild Steel, by K. Sachs 


Cast stainless steel 
Cast Chromium-Nickel Stainless Steels 


for Superior Resistance to Stress Cor- 
rosion, by M. G. F. H. Beck 
evd J. W. Flowers... 


Casting, centrifugal 
Centrifugal Casting of Thin-Walled 
Parts, Warren C. 


Castings 
Specifications and Properties of Nodular 
(Ductile) Iron Castings (ds) 6- 


Cladding steel 
New Techniques for Cladding with the 
by Ralph D. 


Coatings 
Flame-Sprayed Coatings, by Frantisek 
Prine (d) 1- 
From Here and There . . . Cb-Sn alloy 
for coating fine wire (tn) 
Hot-Dipped Aluminum Coats Steel o- 
teners (tn)... 
New Method for “Producting “Metallic 
Coatings 
On the Properties and Structure of 
Phosphate Coatings, by V. Cupr (d)..1-172 
Plasma-Are Device Deposits Metal Over- 
lays (tm).. .4-13H 
Silicone Coatings Reduce ‘Scale Forma: 
tion (tn) 4-13H 
Testing Protective Coatings on Metals, 
by Paul Smits........ 3-75 
Titanium Nitride: an “Oxidizable “Coat- 
ing for High-Temperature Protection 
of Graphite, by N. T. Wakelyn (d)......6-143 
What Precoated Metal Shall I Use?, 
Staff Report... tet 128 
Zn Coatings Keep ‘Cb From ‘Oxidizing at 
Elevated Temperatures, D. 
Klopp and C. A. Krier (d)... ---6-158 


Cobalt 
From Here and There... Commercially 
pure cobalt available in form 


Cobalt in stainless steel 
The Corrosion Resistance of Some Stain- 
less Steels Alloyed With Cobalt, Bee: 
D. Coutsouradis (d)... ...1-142 


Cold working 
Strain Strengthening of Type 304 Stain- 
less Steel, by Walter Hammer, Jr., 
Leonard Stemann and E. E. Weis- 
mantel (d)... 


Columbium 
Columbium-Treated Mild Carbon, Semi- 
killed Steels, by C. L. Altenburger 


Melting and Casting of the “Refractory 
Metals Molybdenum, Columbium, Tan- 
talum, and Tungsten, by 
Johnson fd). 

What Metal Shall I Use . . ‘4 
Strength Welded Structures ?, 
Report . 

Refractory Metals in ‘Europe — a Grow- 
ing Field, by R. I. Jaffee (d) 6- 

Zn Coatings Keep Cb From Oxidizing at 
Elevated Temperatures, by 
Kopp and C. A. Krier (d) 


Columbium alloys 

Columbium Steel Passes Pipeline Test 
(tn) 4- 

From Here and There . . . Cb-Sn alloy 
for coating fine wire (tn).. 

From Here and There .. . Magnet used 
in thermonuclear research (tn) 

A Metal for Service at Both Cryogenic 
and Ultrahigh Temperatures, by H 
R. Ogden and I. Perlmutter 

Superconducting Alloys Fabricated into 
Wire Form (tn) 

Two Columbium Alloys for High-Tem- 
perature Applications (tn) 1 

What Refractory Metal Shall I Use... 
for Ultrahigh-Temperature Applica- 
tions (Above 1800° F.) ?, D. J. 
Maykuth and H. R. Ogden... 
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Caen Welding Copper to Steel, by 
Hermann W. Stieglitz (er) 

Mechanisms of Boundary Lubrication— 
Boundary Lubrication of Copper, Mild 
Steel and Stainless Steel During Se- 
vere Cold Ea by P. R. 
Lancaster and G. W. Rowe (d)............ 5-163 


Copper alloys 
System for Classifying Copper 


Alloys (tn) 4-131 
Research on Copper Promises Improved 

Materials (tn) 5-8 
What Metal Shall I Use ... for Die 

Castings, Staff 


What Metal Shall I Use . . . for Fabri- 
cation of Cryogenic Vessels and 
Equipment?, by George H. Zenner....4-113 


Computers 
Computer Controls Production of Car- 
bon s (tn) 2-10 
Computer Helps Speed Heat Cycles, by 


‘eng 2-79 


Corrosion 
Fretting Corrosion of Metals, by R. T. 
Allsop (d) 3-167 
Why Does Stainless Steel Corrode?, 
by Morgan Sinclaire and Eugene 
Phillips 3-92 


Corrosion, cast stainless steel 
Cast Chromium-Nickel Stainless Steels 
for Superior Resistance to Stress Cor- 
rosion, by M. G. Fontana, F. H. Beck 
6-99 


Corrosion, stainless steels 
Comparative Data on the Corrosion 
Resistance of Selected Types of 18-8 
Chromium-Nickel] Stainless Steels, by 
K. L. Sanborn (d) 1-140 


Corrosion resistance 
A Progress Report on Experience in 
Improving Corrosion Resistance of 
Automobile Parts, by J. D. Thomas, 
W. Hardesty, and C. F. 


Cryogenic applications 
A Metal for Service at Both Cryogenic 
and Ultrahigh Temperatures, by H. 
R. Ogden and I. Perlmutter............. 5-97 
What Metal Shall I Use . . . for Fabri 
cation of Cryogenic Vessels ana 
Equipment’, by Gewrge H. Zenner......4-110 


Deformation 
A Method for Strenzthening 
tenic Stainless by Cc. 
Ludwigson ............ 
Die blocks, heating 
"Helps Speed Heat Cycles, 
Cc. L. Feng 2- 


Die castings 
Miniature Zinc Die Castings Offer Cost 
Advantages (tn) 
What Metal Shall I Use... for Die 
Castings, Staff Report............................ 4-97 


Ductile (nodular) iron 
of Ductile Iron, by J. F. 


J. 
Specifications and | Properties ‘of Nodular 
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A wealth of information for every 
user of lubricants and protective coatings 


There are so many uses for GRAFO Colloidal Graphite 
in Oil, Water and Alcohol Dispersions that you'll find this 
new handy Application Chart indispensable in selecting 
the right GRAFO products for your needs! 


Samples for specific applications 


GRAFO COLLOIDS Corporation sraron Pa 


this coupon 


GRAFOC COLLOIDS CORP. 
279 Wilkes Place, Sharon, Pa. 


Please send your new handy GRAFO Application Chart to 
Name of Company. 
c/o Mr 
Street 


City Zone State 
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SIMPLE _IN DESIGN 
VERSATILE IN USE 


HARROP GAS-FIRED FURNACES 


HARROP “High Temperature” HARROP “Standard” box... 

elevator . . . special forms also elevator and shuttle models 

available. also available. 
Whatever you need for the controlled application of heat... 
laboratory testing procedures or high volume production . . . con- 
sider a Harrop gas-fired furnace. “Standard” (GF series) operates 
continuously to 3000° F. (1650° C.); “High-Temperature” (GFHT 
series) to 3300° F. (1815° C.), even higher with special linings and 
burners. Just one control valve regulates temperature; the entire 
firing system is controlled either manually or through an instru- 
ment proportioning control system, can provide completely autc 
matic cycle control. F.M. and F.1.A. safety systems available; J.1.C. 
electrical standards observed. Write for full information to Dr. 
Robert A. Schoenlaub, Director of Research, 
Harrop Precision Furnace Co., 3470 E. Fifth Ave., 
Columbus 19, Ohio 


HARROP PRECISION FURNACE CO. 


(division of Harrop Ceramic Service Co.) 
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ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 


with 
YOUNG 
BROTHERS 
OVENS 


designed and built 
‘ for individual product 


and process requirements 


batch and conveyor types up to 1000° F 


Write for Bulletin 157 


YOUNG BROTHERS Co. 


1829 Columbus Road * Cleveland 13, Ohio 
Over 60 years of service 
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simple, 


low-cost 
TENSILE- 
COMPRESSION 
TESTER 


Motorized hydraulic 
operation of the 
Riehle Tensile-Com- 
pression Tester gives 
accurate, reproducible 
readings on both ten- 
sile tests aid com- =e 
pression teste, Simple, 1,000 to 20,000 ib. Capacities 
easy-to-use controls 

are handily positioned on front of base. 


Low-cost single and double-gauge bench models (shown with 
optional floor stand) are available in two general sizes that 
occupy minimum space. Jaws may be quickly changed for 
different-size specimens. Rubber mount protects ‘oad gauge 
from specimen-fracture shock. 

Riehle offers other machines for tension, compression and 
transverse tests up to 400,000 Ib. capacity. Write for litera- 
ture and name of nearest representative. Address Dept. 


MPS-1261. 


vA RIEHLE TESTING MACHINES 
AMETEK 


A DIVISION OF AMETEK, INC. 
EAST MOLINE, ILLINOIS 
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HEAT 


A 


MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


and 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 4%” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 
tures. Also sub- 
zero and special 
ranges. 


Send for FREE catalog No. 168. 
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High-quality seam and spot welds in René 41 can be made consist- 
ently, if precautions based on the metallurgical behavior of the alloy are 
taken into account, according to B. M. Wahlin and D. R. Coles in their 
article on p. 67. B. M. Wahlin (shown on the right, below, with Mr. 
Coles) graduated from the 
University of Washington 
with a B.S. degree in me- 
chanical engineering. He 
has been with Boeing for 
five years as a materials 
analysis and welding re- 
search engineer and dur- 
ing that time has directed 
research programs dealing 
with the basic properties 
and weldability of new 
metals and alloys as they 
relate to airframe com- 
ponents. An ardent golfer 
(one of his favorite part- 
ners is his co-author), he 
also enjoys working with 
flowers, shrubs and trees (and has a beautiful yard as a result), He and his 
wife have two sons. 

Another University of Washington alumnus, Coles too received his 
B.S. degree in mechanical engineering. He has 30 years experience in 
welding, including seven years at Boeing as a research welding engineer. 
In addition to golf, his outdoor interests include hunting for deer and elk 
with his 12-year old son. 


Comprehensive tests results on two important new superalloys — 
Udimet 700 and IN-100 — are reported on p. 73. The first of the super- 
alloys for jet engines, Udimet 700 (a wrought alloy for 1800° F. service) 
is discussed by Italo S. Servi and William J. Boesch of Special Metals Inc. 
in New Hartford, N.Y. (formerly the Metals Div. of Kelsey-Hayes Co.). 
A write-up of the officers of the new company appeared in the September 
Personal Mention columns of Metal Progress and included some bio- 
graphical details about Dr. Servi, vice-president of the company. 
Married, with three children, he is assistant district commissioner of the 
Boy Scouts of America. Other interests are hiking, electronics, and music. 

As manager of the technical services department, Mr. Boesch’s 
responsibilities include supervision of experimental and pilot plant 
melting and conversion as well as coordinating several development 
projects. A graduate of Purdue with an M.S. degree in metallurgical engi- 
neering, he joined the Metals Div. of Kelsey-Hayes in 1958 as chief 
metallurgist, assuming his present post two years later. He is married 
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and has two children, and he too is active in the Boy Scouts as a district 
commissioner and in several civic programs. For relaxation he plays 
the organ. Other hobbies include gardening, do-it-yourself projects, golf 
and bowling. 


The application of H11 for aircraft 
structures (including mechanical prop- 
erties for the air-melted material) was 
described in these pages by P. E. Ruff 
nearly three years ago. As soon as the 
consumable-electrode vacuum melting 
process became available, its effect on the 
quality of H11 was investigated. The re- 
sults are presented here by Mr. Ruff (up- 
per right) and R. W. Steur (lower left), 
engineering specialists at North American 
Aviation in Columbus, Ohio. A 1948 
graduate of Harvard, R. W. Steur came 
to North American in 1953. He went 


on to graduate work in Columbus at 
Ohio State and received his M.S. in 


metallurgy in 1958. Married, he enjoys 
model railroading with his son, 6 (his 
younger children, two daughters, are 3 
and 1) and photography. 

P. E. Ruff graduated from Ohio State 
in 1950 with a B.S. and M.S. degree in 
engineering, then joined North American 
in 1951. A pioneer in the development 
of H11 as an aircraft structural material, 
his work has involved evaluating and 
processing ferrous and heat-resistant 
alloys. He and his wife have two sons 
(9 and 6); his hobbies are carpentry and 
gardening. 


The first technical report on IN-100 was presented in Metal a 
earlier this year. S. F. Sternasty and E. W. Ross (right to left in the photo 
below) give the results of G.E.’s study of the alloy for turbine blades 
on p. 73. Stan Sternasty, an engineer in the structural materials unit of 
the Large Jet Engine Dept. in Cincinnati, Ohio, joined the department 
in 1959 and has been engaged primarily in development, evaluation 
and application of turbine blades. A 1954 graduate of Illinois Institute 
of Technology, his background includes experience in the steel industry. 
His former secretary (now his wife) permits him to follow one hobby 
(barbershopping) and encourages him in another (amateur cabinet 


making). 
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MULTIPLE-CONDUCTOR 
T/C EXTENSION CABLE 


Available with from 4 to 48 pairs of 
solid-conductor temperature-compen- 
sated wires. Each wire is numbered, 
individual conductors are twisted 
into pairs, each pair is color- 
coded by wire type. No conduit 
needed. Supplied in custom and stand- 
ard constructions. From this one 
depen source come thousands 
of other accesso- 

ries to help your | gue 
instruments per- 
form at their 
very best. 


Get details from | 
your Honeywell 
field engineer, or 
write today for | 
Catalog G100-2. | 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
[H) 


Since tees 
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NEW KODAK 


METAL-ETCH 
RESIST 


opens new chemical-milling 
applications 


Speeds up, simplifies deep etch 
weight reduction and parts manu- 
facture. Reproduces fine-line detail 
as in plating, dial and name-plate 
making. This new photographic 
process ends time-consuming hand- 
work, results in high accuracy. 
Kodak Metal-Etch Resist withstands 
acids, alkalies, electrolytic fluids 

. adheres well to aluminum, 
titanium, magnesium, stainless and 
other alloy steels. High stability 
and strict uniformity simplify vol- 
ume production. Send today for a 
detailed 16-page brochure that 
gives all the facts. 


Text for this advertisement wos set photographically 


No statement or suggestion is to be considered o recommenda 
tion or inducement of any use, monufocture or sale that may 
infringe on any patents now or hereofter in existence 


Graphic Reproduction Sales Division | 
EASTMAN KODAK COMPANY | 
Rochester 4, N.Y. 
Please send me a copy of the booklet, 


“Etching, Chemical Milling and Plating | 
with Kodak Metal-Etch Resist’’ (P-36) 
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A specialist in the development and application of materials for jet 
engines, Earl W. Ross is supervisor of the structural materials unit. After 
receiving his B.Met.E. from the Polytechnic Institute of Brooklyn in 
1946, he was an instructor in metallurgical engineering and a part-time 
graduate student at the Polytechnic. His work for G.E. includes two 
years working on metallurgical problems for the rotating se gre on 
the nuclear jet engine. He was transferred to the structural materials 
unit where he was responsible for further development of turbine blade 
alloys such as DCM, and has served two years as supervisor of this unit. 
He, too, married his secretary and they have three sons — aged 2, 4 
and 6. He’s interested in sports (both as a spectator and an active par- 
ticipant), reading and community relations activities. 


Investigations of elevated-temperature mechanical properties of metals 
under rapid strain rate and short times at temperature conducted at 
Southern Research Institute, Birmingham, Ala., are the basis of J. R. 
Kattus’ article on p. 85. On the Institute’s staff since 1952, Bob Kattus 

is head of the metallurgy division, where 
his work has included supervision of 
research projects on cast and wrought 
steels, nonferrous alloys, cast iron, air- 
craft structural materials and refractory 
metals. He studied metallurgical engi- 
neering first at the University of Cin- 
cinnati and then Purdue, where he re- 
ceived his B.S. degree in 1944. He 
moved to Birmingham in 1948 as chief 
metallurgist for Anderson Brass Works. 
Active in several technical groups, includ- 
ing A.S.M. and A.S.T.M., he is past chair- 
man of the Birmingham Chapter @. Al- 
though his four children — three daugh- 
ters and a son — seem to occupy most of his spare time, he enjoys golf 
and bridge. He’s also an enthusiastic big league baseball fan, rooting 
particularly hard for the Reds since Cincinnati is his home town. 


“How Composition Affects the Properties of Ductile Iron” on p. 92 is 
the work of two professors at Case Institute of Technology, John F. 
Wallace and Lynn J. Ebert (right to left in the photo). Professor of 
metallurgy at Case since 1953, John Wallace received his B.S. (1941) 
and M.S. (1953) degrees from Massachusetts Institute of Technology. 
He worked for 13 years at Watertown Arsenal in various metallurgical 
and production capacities, including director of the Rodman Laboratory. 
When time permits, he enjoys swimming and engaging in sightseeing 
activities with his family (he has three children). 

Dr. Ebert joined the faculty of Case in 1941 as a graduate assistant 
after obtaining his B.S. degree there. In the intervening years he has 
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risen to associate professor in the department of metallurgy and obtained 
two more degrees, his M.S. (1943) and Ph.D. (1954) in addition, he is 
also executive officer of the department of metallurgy at Case. Working 
in metallurgical research, primarily in the area of mechanical metallurgy, 
he has contributed to the development of the notched tensile test and the 
evaluation of heat treated alloys by means of this test, stress distribution 
studies by x-ray techniques, the mechanism of low-temperature brittle- 
ness, directionality in metals and fatigue behavior. Married, with four 
children, his hobbies include golfing and landscaping, as well as occa- 
sional trips to the lake country of northern New York. 


An extensive study of the effect of ferrite on mechanical properties 
and resistance to stress corrosion in 18-8 stainless and other alloys re- 
sulted in the article on p. 99 by Mars G. Fontana, James W. Flowers 
and Franklin H. Beck (shown, left to right). Jim Flowers came to Ohio 
State University in 1958, following graduation from the University of 
Cincinnati with a B.S. degree in metallurgical engineering, and is now 


working toward his Ph.D. in the same field. His research activities have 
centered around precipitation processes in cast stainless steels. Among 
his other interests are sports, reading and hi-fi. 

After receiving his B.S. degree in metallurgical engineering trom 
Pennsylvania State University in 1943, Frank Beck worked for E. I. du 
Pont de Nemours & Co. for two years, then continued his education at 
Ohio State where he earned his M.S. and Ph.D. degrees in metallurgical 
engineering. He has been on the staff of the University since 1949, de- 
voting his time primarily to research in corrosion of metals, and is now 
professor of metallurgical engineering and director of metals research 
at the Engineering 0 rm Station. The Becks have two sons and a 
daughter. One of Frank’s other concerns is Boy Scout work. 

Mars Fontana received a B.S. degree in chemical engineering and an 
M.S. and Ph.D. in metallurgy, all from the University of Michigan. He 
was on the staff of the engineering department of DuPont from 1934 to 
1945, and since 1948 has been chairman of the department of metal- 
lurgical engineering at Ohio State. Well known to A.S.M. members, he 
is past chairman of the Columbus Chapter @ and has served on many 
local and national committees. 

His family includes two daughters, two sons and a grandson and his 
hobbies are bowling, golf (best ever, 75 last summer), manicuring lawns 
and hunting white-tailed deer (eight bucks in ten years). He is widely 
known as One-Shot Fontana in the Upper Peninsula of Michigan — and 
has an engraved certificate to prove it. His greatest feat was dropping an 
eight-pointer with open sights at 176% yards. 


John G. Wilson, plant manager at Eaton Mfg. Co.’s Marion (Ohio) 
Div., describes automatic forging of steel gears on p. 108. Born and 
educated in Northern Ireland, he graduated from Belfast Technical 
College. Coming to the United States in 1949, he joined Eaton in 1951. 
He lists hunting, fishing, golfing, and camping with his wife, Joan, and 
two sons, Mike and Johnny, as his favorite pastimes. 


DECEMBER 1961 


thermocouple | 
wire with 


metal sheath and mineral 
insulation (.020° to .500° O.D.) 
for universal application 
especially when high tem - 
peratures, high pressures, 
or space limitations are 
factors, and for sensitiv- 
ity and quick response. 


Many sizes in I.S.A. cali- 
brations with 304 stainless 
steel or Inconelsheathand 
MgO insulation carried in 
stock. Hundreds of other 
combinations may be or- 
dered to suit conditions. 


Get the facts on 


XACTPAK today 
BULLETIN 1-500 | 
Thermocouples 
Fittings ¢ 
Connections 
Terminations 
and Assemblies §& 


CLAUD S. GORDON Co. 
Manufacturers + Engineers « Distributors 


613 West 30th Street, Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, Ohio 
Circle 2280 on Page 48-8 
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Roller Hearth 
Furnaces 


for bright and scale-free anneal- 
ing copper and copper alloy, 
wire, rods, bars, tubing and other 
non-ferrous and ferrous products. 


The EF direct gas fired, forced circulation, 


roller hearth annealing furnace pictured below 
anneals 10,000 Ibs. of *s”’ to 6’’ O.D. copper 
or copper alloy tubing per hour; lengths up to 
36 feet, temperatures from 275°C. to 850°C. 


Non-ferrous and ferrous wire, rods and bars 
are also frequently heat treated in furnaces of 
this type. When closer atmosphere control is 
needed, EF roller hearth furnaces of generally 
similar design are furnished either electrically 
heated or radiant tube fuel fired. EF specially 
designed run-out tables simplify inspection, 
sorting, boxing or strapping for shipment. 


You will find it pays to call the EF engineers 
for any annealing, normalizing, hardening, 
carburizing, nitriding, carbon restoration, coat- 
ing, brazing, sintering or other heat treating 
requirement. Our wide experience and exten- 
sive research and development facilities are 
plus values that can shorten your path to low 
cost, profitable operation. 


THE ELECTRIC FURNACE CO. 


Fuel Fired and Electrically Heated 
HEAT TREATING FURNACES 
for Processing any Product, in any 


Salem - 


eo : Atmosphere, any Hourly Output Required 


SUBSIDIARIES—Turnkey Engineering Co., Inc., South Gate, Cal. * Canefco Limited, Scarborough, Ontario 
SALES REPRESENTATIVES—2842 West Grand Bivd., Detroit 2, Mich. © also 968 Coleman Rd., Cheshire, Conn. 
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e news of “Electromet" ferroalloys and metals 
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REDUCED INVENTORIES CUT COSTS -- Fast delivery of ferroalloys from one of 
Union Carbide Metals’ 39 distribution centers allows metal producers to reduce 
inventory costs. Why? Large ferroalloy inventories are no l»nager needed. Purchases 
can be made to meet current ferroalloy needs. UCM has a plant or warehouse in every 
major metal-p;oducing area in the country. Thus, delivery to yeur plant has been 
reduced from days to hours. 


IMPROVED PACKAGING AND HANDLING, TOO -- Union Carbide Metals has also 
reduced customer handling costs by developing better packaging and material-handling 
methods. UCM introduced dump trucks for bulk deliveries of alloys. It has long 
used railroad container cars. Special shipping and unloading techniques have often 
been developed to meet a customer's particular conditions. UCM also played a leading 
role in the development of pre-formed alloys such as bricks, briquets, and pigs, and 
pre-weighed packages such as bags, cans, drums, and box pallets. For more 
information on distribution centers and alloy shipments, write for the article, 

"More Efficient Ferroalloy Distribution," in the Fall 1961 issue of UNION CARBIDE 
METALS REVIEW or circle 2242 on page 48-B. 


* 


ARC OR INDUCTION =~ WHICH IS BEST? -- In just a few years, vacuum- 
induction and vacuum<arc melting have grown from laboratory curiosities to 
important commercial processes. In fact, today they account for 280 million lb. of 
annual capacity in the United States. Although both are designed to produce ultra- 
pure metals and alloys, they are not strictly competitive. Vacuum-induction melting 
is the best method of making metals where tight control of chemical analysis is 
required. Vacuum-are melting improves purity and uniformity by effectively removing 
gases and inclusions. For more information, write for the article, "Which Vacuum 
Process to Use?,” in the Fall 1961 issue of UNION CARBIDE METALS REVIEW 
or circle 2243 on page 48-B. 


SELECT AN ALLOY -- Are you looking for a low-cost charge chrome alloy that 
will best fit your stainless steel melting conditions? Or an exothermic chromium or 
manganese that can be used for large open-hearth ladle additions? Or pure metals 
such as chromium, manganese, silicon, columbium, tantalum, and vanadium? You can 
find the answers in the new "Electromet" Ferroalloys and Metals Selector that 
contains a complete list of alloys for steel, iron, and nonferrous metals. It lists 
the composition and suggested use of each alloy...so you can select the one you 
need. For a copy, write for F-20,119 or circle 2244 on page 48-B. 


UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. In Canada: Union Carbide Canada Ltd., Toronto. 


"Electromet" and "Union Carbide" are registered trade marks of linion Carbide Corporation. 
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